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ON MINERAL VEINS, 



Phenomena of Mineral V^eins. 

In complying with the request of some of my friencb, to state 
through tb^ medium of the Polytechnic Society's Report, my viewij 
relative to the formation of Mineral Veiiia, I am lensible, that the 
attempt to theorise on this isiubject, is somewhat premature, with- 
out a more thorough knowledge of facts, than I at present possess. 
I am, however, encouraged to hope, that an ei^tensive chrculation 
of the Report amongst the miners of Cornwall, may induce many 
of them to record the results of their experience and observations 
in our mines ; and if so, one object o£ this communication, however 
defective it may be, will be accomplished. I propose, at the same 
time, to give a short account of some of the phenomena which 
are presented to us by our mineral veins, for the sake of those who 
are not conversant with the subject.* 

I have lately circulated some printed questions relative to min- 
eral veins, among. mine agents, in different parts of this Countyy+ 
hoping that I might be enabled, on their authority, to record and 
classify many details and specific facts, observed in our different 
mining districts, distinguishing those which are general^ from 

* S9f ff a1 pspen on mineral v«ins have appeared in the Cornwall Qfological 
jSoci«ty*9 Tiran^aettQns, among whicli I n^e4 scarcely say, that the memoir b^ my 
ff'wnd Jpi^ph Carne, holds the most distinguished place ; indeed it ta%y Ve con- 
sidered as having formed an epoch in the records qf Cornish mineral veins. 
^ Another memoir, I understand, may be expected to appe)ur in the i)fxt valovM 

O «f that Society's traiisaction«, by W. J. Henwoed, whose indsftitigabU rasearch- 
es in the mines of this County, ar« well known. 

But the Ordnanee G^ologwal ilurvfy pfConiwtU 4od DfveiyibilWi whiith is 

flow nearly eenplflted nndsr this fttpitrint^Adsiu^ «f my fn«iul H- T- da U Beebe, 

will form by far the mott i)ap(>it«i#doeilinfAt„ af it rsips^f ths phenamen* ;af 

^ mineral vains, whi<:h has hkhfirto ftpptl^od* Attd ite v«lu9, )p^ m f sci^nt^, 

c; and piactical point of viaw, eaaiiot w«U hs «f tinuitei. 

t 3«e a copy oi these iittstlioas ttths fad •! thk HP^t^ 






<Jlher« which Inight^em to be more local and pecuhar. I have 
not yet, however, been furnished with sufficient, materials to enable 
me to carry my plan into effect ; and, as the Polytechnic Report 
has been for some time in the press, I must now give up my first 
intention. But I have to express my acknowledgments to several 
mine agents, for much valuable information, which they have 
kindly sent me, in answer to my questions ; of some of which I 
mean to avail myself in this paper, although I do not now profess 
to give more than an outline of facts. 

It is well known, that in Cornwall and Devon, the granite is 
found to protrude, in apparently isolated masses, through the slate ; 
but as these are inclined, at various angles, under the superincum- 
bent strata, it is presumed that they become united in one general 
mass, at a greater or less depth. The general range of these 
granitic masses is toward the north-east, or nearly so. 

A large proportion of the ^'eltan courses** or porphyritic dykes, 
which abound in our mining districts, approximate very nearly to 
' the same horizontal bearing, and dip under the strata, towards 
the north, more often than towards the south, and frequently at 
considerable angles from the vertical.* Their width varies 
from a few feet, to more than fifty fathoms ; and they traverse 
the granite, '^killas'' (clay slate,) greenstone, &c., without 
interruption. 

The Copper and Tin mines are generally situated at, or near 
some of the junctions of the granite and killas, or of killas and el- 
van, &c. ; and both these metals have been found in great abun- 
dance in each of these rocks ; and it is perhaps difficult to decide, 
in which of them, either metal has, upon the whole, predominated. 

The Mineral Veins are divided by the miners of Cornwall, into 
^'lodes^* or nt^talliiprous veins, and cross courses^ and cross^ucans^ 

* Th» paper being |)irmcipally for local circulatioBy I have in. all castes, con- 
formed to the custom of our minen in estimating the dip or underlie of Veins, 
&c., from the Vertical, and not from the horizontal line: but' I have deviated 
from their plan in giviAg the horizontal -beariviga of Veins, as I have referred 
them to the true Meridianj and notvto the Compass or Magnetie Nor^^.Ant 
latter being nearly 2&|* to the iveftlward ofth^foiiner. 



or veins of quq^rtz, or quartz and clay, with detritus of the enclo- 
sing rocks ; and veins, consisting principally or entirely of clay. 
I ought, perhaps, to include slides likewise amongst the veins ; they 
^resemble cross flucans in iheir composition which is mostiiy of clay. 
' The copper and tin lodes have a general tendency towards an 
easterly or E.N.E. horizontal direction, although considerable 
deviations therefrom are not unfrequent in some of our mining, 
districts : — indeed, the tin lodes in the parish of St. Just, near the 
-Land's End, and in some other parts of the County, have nearly a 
north westerly course, on an average. 

Lodes which differ considerably, say 40"^, or 50^, from ^tie gen* 
eral strike or bearing • of the other lodes in a district, are termed 
^'caunters^^^ or ^^. contra lodes.** Besides these, there are usually 
^inor veins or branches connected with the lodes, which ramify 
-from them at various angles ; and when they spring from parts of 
the lodes which contain ore,, they generally do so likewise ; on 
which account, the miners term them ''feeders" These small bran- 
ches seldom carry ore at a great distance from the lodes; and this 
remark, I believe, applies also to the flat veins, or rather beds 
of tin ore, termed "Jloorsy* which are. sometimes found connected 
with tin lodes. 

The cross courses, and cross flucans, have, in the aggregate, a 

•bearing very nearly at right angles to that of the lodes, or towards 

N.N.W., although many of them diflTcr considerably from this 

direction ; they consequently traverse the lodes at various angles, 

and with very few exceptions, completely divide or intersect them. 

These cross veins sometimes contain ore, at and near the points of 

intersection, especially when they cross the lodes at rather acute 

■ angles. This is particularly the case in St. Just, where the cross 

courses or "guides** are nearly N. and S., and the lodes N.W.and 

. S.E., and sometimes even N.N.W. 

There are large veins of haematite, or other varieties of the oxide 
of iron, in diflerent parts of Cornwall, and the South of Devon, 
which have the same strike or direction as the cross courses,* jmd 

* Cap^in Richwd Tregaskis first called my atteation to thk circumsUnq^. 
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like tbetii, have been obi^rved in ftome placet^ pttiiicuUrly in Si* 
Juft^ to intersect the lodes. 

The lodes uxid croie reins are someiiines yertical in their descent 
throuj^h the strata, but they are niueh more ofleir inclined at 
different anglei. The former, however, hare generally a gre&ter 
underlie Uian the latter, although it seldom exceedis 4d^, and 
is ttsually much less ;^-^perhaps tO^, on an average. The lodes 
are then said to have a north or south underlie, (as the case 
may be,) of so many feet in a fathom in depth ; whilst the 
underlie of the cross veins is- said to be towards the east or west; 
although it is evident from what has been stated relative to their 
l*espeGtive horizontal bearings, that their real dip may be consider* 
ably on one side, or the other, of th($ nominal one.. 

Ilic lodes and cross veins traverse the granite, ^^kiUas^" ^^eWan,^' 
and other rocks, without interruption in their strike or dip, unleA 
they should happen to cross the line of junction of two rocks, 
at an acute angle, in which ease they are oflen observed to pass 
along it more or less, and ultimately to take their previous course. 
I'hey are all subject to occasional, and some of them, to very fre- 
quent irregularities in their strike, and dip, but more especially in 
their width. Thus if we take a vein of three or four £det, to repre- 
sent ft fair average sise, it may be only an inch or two wide in one 
place^ and eight or ten feet, in another*. Such extremes not unfre- 
quently occur within a few fathoms of each other. On the other 
hand, many lodes have been worked for a great distance, without 
^ occurrence of any very considerable changes i^ size. Some 
lodes are as much sis 30, 40^ or 50 feet and upwards, in width, at 
least in some parts ; but under such circumstances, they are gen- 
erally worked at less profit, as the ore is frequently much dissemi- 
nated in them^ and mixed with earthy deposits, in which fragments 
or detritus of the containing rocks may probably predominate. 
Indeed, It may be remarked of fedes and cross veins, that the con- 
tents of a large |>roportion of them, resemble, in some parts, the 
enclpitog recks: even th« clay or ^^fiukan" in vekis, commonly 
partakes, more or less, of the colour and appearance of the rocks 
tniversed. Fregmente of these rocks cemented together .by t>re, 
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quart?, or other matter, are of common occtirrence in Veins ; and 
it is remarkable, that when the veins traverse dtfierent rocks, none 
of these mechanioal deposits are found at any oonsideraUo distance 
from th(^ rocks which they resemble* 

Copper and tin lodes generally contain various other metallio 
ores and earthy substances, which dilfer from the enclosing rocks^ 
and do poi appear to be of mechanical origin. Copper lodes, for 
instance, abound more or less, wiih a brown, earthy, ircm ochre^ 
mixed with friable quarts^ and other substances, termed ^'goMmn.^* 
It IS usually io^tki above, and resting on, the copper ore; and 
without this indication, a miner would not expect to find cop* 
per in a lode ; it is, in fkct^ one of his essential conditions. If the 
gossan has some tin ore (peroxide of tin,) disseminated amongst it^'^ 
it is, by many miners, considered a still more favourable sign. 
And not only does the oxide of tin very commonly occur with the 
gossan, on the back of a copper lode, hut it not unfrequently ^fsceads 
to a greater or loss depth, with the copper, and then ceases. There 
are^ however, many instances of its accompanying copper ore to a 
great depth ; and ii» Dokoath mine^ it ii fbund in a copper lode more 
than 200 fathoms b^w the surfooe, and even under the copper. 
In this part^ the lode consists of tin only^ mixod with quartse, and 
is very hard. In Cookskitch^n mine, I undei^tand, that tin has 
also occurred abundantly under copper. When tm and copper 
accompany each other^ they are^ in part, at least, generally more 
or less intermixed ; with a tend^icy, noverthektts, in the two metals 
to Approximate to the opposite walls or sides of the lodes, and not 
unfrequently these ores are divided from each other by parallel 
veins of quarts, day^ or other earthy matter. Tin rarely occurs 
in any other state than that of a peroxide ^ in a very few instances, 
it has been found as a sulphuret, intimatoly combined with the 
salphuret of Copper, when ft is termed beU metal me. The rod 
oxide of copper, on the other hand is far from abundatit, and although 
of^n met with, it is mostly in small quantities : the same remark 
applies in a still greater degree, to the carbonateaand silicates of 
copper. The arseniates of copper have been found in only one or 
two localiticfii; and the . phosphate haa be^n rarely seen in our 
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mines. Tiie jrellow orbi^sulphuret, is by far the most preTailin^ 
ere of ooppei"^ in Cornwall ; and next to it, the solphuret, or grey 
and blacli copper ore of the miners, which varieties are met with, 
more or less, in most copper mines, and frequently in very large 
quantities. The sulphuret is usually found nearer the suriuce, or 
cross courses, than the yellow ore ; but sometimes they are mixed, 
and occasionally, the former is met with at a great depth. The 
purple copper, or ''Horse flesfC^ ore, of the miners, is not very 
Uncommon, but tennantite, and particularly fahlerz are much more 
so. The sulphurets of iron and zinc^ are abundant in most copper 
lodes, and in parts of some lodes they prevail almost exclusively, 
the former especially. The sulphuret of lead sometimes accom- 
panies copper ore, but generally in small quantities, and even in 
minute isolated portions. 

Arsenical pyrites occurs in copper and tin lodes ; but is most 
abundant in the latter. Carbonate of iron is found in both : wolfram^ 
or tungstate of iron, principally in tin lodes, and rather sparingly. 
The sulphuret of iron or ''mundickj^ is often abundant in the latter; 
but gossan is seldom, if ever, found in decided tin lodes which do 

.not also contain much copper pre ; for the latter frequently occurs 
in small quantities, even in regular tin lodes. Tin lodes prevail 
almost exclusively in some districts, as in parts of St. Agnes, and 
St. Just parishes, &c, ;. and copper lodes predominate in others ; 
but in most of our mining districts, tin is found in distinct lodes, 

.by the side of those of copper, or occupying the same lode, 

. either contiguous to the copper ore, or in another part of it, more 
or less distant from the copper. 

Of the foreign o.r non-mechanical earthy substances in copper 

. and tin lodes, ^'jr/>ar," or quartz, is the most general^ and the most 
abundant, particularly in the latter ; and when accompanying tin, 
it is often harder, and more compact than with copper: this, 
however, is not always the case; but when it becomes more 
friable and granular, (termed ''sugar spar^"*) it is considered by 
many miners a favourable symptom, as it respects copper ore. 

The sides of lodesj especially those of tin, are oflen principally 
composed of quartz, combined with "peach** (chlorite,) shorl, or 
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disintegrated portions of the containing rock, <&c. These sides or 
boundaries of lodes, are usually termed ^^ca/)e&," showing no smooth 
or regular iralls, but penetrating into the. enclosing rock or 
^^comtryy* and also into the lodes, and mixing with their other 
contents. 

Fhior spar (fluate of lime,) is much more associated with cop<« 
per, than with tin, and is often in great abundance, so as, in parts 
of some copper lodes, to form the prevailing vein stone. Peach or 
-chlorite often abounds in tin lodes; but in some districts, it is 
thought unfavourable for copper. 

These vein stones, together with such as are supposed to be of 
mechanical origin, vastly exceed the metals in quantity, in moat 
lodes, the ores being accumulated in larger or smaller masses, or 
in veins in the lodes, and very commonly disseminated more or 
less, in detached portions, among the vein stones. The miners are 

. frequently conducted to large bunches or masses of ^metal, by 
following very small veins of ore, clay, or quartz, &c., for some 
distance. Lodes are often split into numerous branches, particu- 
larly when they pass from one rock into another. Sometimes all 
traces of a lode are quite lost, and another parallel lode or branch 
is discovered by working a level for a short distance at right 
angles to the first : in this case^ they are said to be ^'splicedy^ or to 
overlap each other. 

When lodes alter rather suddenly, i^ the amount of their under- 

. lie, they generally exhibit a change in their contents, becom- 
ing less productive of ore, when their underlie is increased^ and 
more so, when they are more nearly vertical. 

, When lode» of the same meUi meet at acuteiuagles, th^y mo«tIy 
unite for some. distance, and th^i separate again: if thin occurs, 

i either in their strike, or dip, they are generally found to increase 
in their produee- of ore, whilst they continue together; but if 
they cross at very considerable angles, they are usually impover- 

. ished. . . , . » 

Lodes are very much mfiuenced m their metallic ^riches, by the * 
rocks which they- traverse, and often change in this respect, very 
suddenly^kuiMUfliBgffiRim one Ebokioto. another: thus many lodes, 



^'hich yield abundance of ore in grpanite,are unprodaciive in klllas, 
and vice ver$k s^^-'the same observation applies to killas and elvam 
Sometimes, the same lode is rich in different rocks, though in very 
different degrees. Ores of different metab, however, such as cop- 
per, and tin, are very commonly found in adjoining rocks of dt& 
lerent kinds, either in the same lode^ or in neighbouring lodes: for ^ 

example, if the granite contains copp«r, the killas may contain tin, 
or vice vers! ; but this rule is not widiout numerous exceptions. • 

Parallel lodes are frequently productive on the lines of the 
principal cross courses; or ore, as the miners say, is found against 
ore, in different lodes ; and they oflen yield much ore on both sides 
•of a cross course, or on one side only. 

It seems to ha generally considered by miners, that the rock or 
^country in the neighbourhood of a lode, is not so hard as at a 
greater distance from it ; and when they cut a level' or gallery at 
right angles to the course or strike of the lodes, they calculate on 
their being near a lode, when the rock 'or ^^ country^* diminishes in 
hardness* 

Cross veins, as I have be^e stated, consist of quartz, or of cUy , or 
of both these substances, with a considerable admiature frequently of 
disintegrated portions of the adjoining rock. Whein qnarts pre- 
vails in these veins, they are termed cross courses, and when they 
are composed principUy of clay and friable earthy matter, they 
' are called cross flucans, and it may often happen that the same 
continuous cross vein is termed a ^ross^course in one place, and a erbss 
fitican in another, in consaquenqe of a change in its contents. 

The cross courses mostly bitersect, and frequently ^hsave" or 
di^oeate the lodes. The cross flucans hot only intersect all lodes, 
but even isuch cross courses as libey may occasionally meet with. 
Tbe-extent of the heaves or disk>cationi of t^ lodes varies from ' 

less than a foot, to 60 or 70 fathoms, and upwards. 
- Borne of ihe cross courses have been trace4 &r many miles tn 
length; and like the principal lodeS, they are of unknown 4eplli: 
they are frequently split into brandbes, botli m' their strilce and dip, 
and these branches usually prodnce minor ^^^loeatiens, Ae eem of 
which may equal 6iat caused by the undivided {HOrt of a given eress 
iCQurse. 
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I apptekend tliat there are ketetsA instances of copper ledani 
intersecting cross courses, and that when this happens, the fbrmer 
hav« a much larger proportion of day than usual, in their ceitipo* 
sitioti« 

The quartz in the cross courses » very peculiar in its erystallinft 
^ Hruetura, having a fibrous, striaisd, or radiated appearance^ With 

the axes of the crystals, when not muck radiated, nearly at right 
angled to the direction of the sides of the veins. Thil quartz the 
miners term *^en)s$ ^ur^ spar^^^ to diatingutsh it from thd quarta 
found in the lodes, or east and west veins, which fer the most part| 
difibrs entirely from it in textnre, being generally either compact, 
porous, or oeUular. The cross course spar usually shows divisions 
or joints at right angt«8 to its crystals, and consequently parallel 
%o the skies of the veins^ afirepreaentedbyjSy 18^ Plate YI. Whea 
crosd veins oomtl^ii quarts, clay, and other aubstanoei, these are 
very e<imikioinly arranged in alternate layers parallel to the widls. 

^ In lodes also, thii symmetrical arrangement prevaib m<n*e or less, 

' to that a lode often appears to be composed of many smaller veins 

<0f dfff<»imt sTibstaitces, which are frequently fomished with waUs, 

aomeUtMai very smooth, and of ^e same nklur^ as the priimipal 

! walls of the lode. Hiese included veins are conimoBly most dia* 

tinct near the mr^e, and oceasionally have an oUique direetkm 

^f<om one side of Uie lode to the other t at great depths, Uiey ai>e 

often irregular, er so confused as to be detected with great diA- 

cidty, if at all. It very commonly happens^ thai the croas veins, 

when they iKeave or diift lodes, contain more or leas ore betwe^ 

the dfvidod of dtsiocated parts of the lodes, the ore beiAg sometimes 

irr^ularly dftseminated an^ongst the other eontents of the cross 

t«i<as) ahd sotnetitilea forming small veihs, which ei^tend part, or 

^ &e whole of m^ way between the ahifled portions of the lod€lb ; 

And it ii Mt u&UMial to find the ore in the cross veins, at i(Ome dis* 

tance from these boundaries. The dislocated parts of the ledte, are 

oil#fi rMher ciurvod idwirde each lither, with Uleir extremities, as 

itfA\ ttH tha eoelo^fig roch, vferjr much diaordered^ ahd aboiioditg 

With .amall btaaobei wilioh termiinte ia the «ros« v^os ; ^d tibe 

B 



12 

branches near one part of a lode, have no corresponding ones 
near the other part which has been shifted. 

The cross courses in some partsof Cornwall, frequently contain 
galena (sulphuret of lead,) but this is by no means an abun- 
dant metal in this County ; it^hks been found in the largest quanti- 
ty in an E. and W. vein at Huel Rose mine, to the northward of 
Truro. Iron ochre also occurs in cross veins, and occasionally some 
Other . metals, such as arsenical cobalt, native, and solphuret of 
silver; but the latter metal has, I^ believe, been found in greater 
quantities in E. and W. veins. 

There is another variety of vein which is for the most part com- 
posed of clay, called a slide, having nearly the same bearing as 
the lodes, but it has a- much greater underlie, approximating 
sometimes to a horizontal position. The slides traverse all other 
veins, and they generally dislocate the lodes, throwing them either 
•upwards or downwards. There is oflen ore in tliat part of a slide 

• which is between the disjointed portions of a lode. 

' I am unwilling to conclude my outline of the phenomena of our 

, mineral veins, without more particularly noticing some of the 
observations with which I have been favoured by several mine 
agents, intimately acquainted with practical mining. It is possible 
that some of their views may be modified by further investigations 
in different mining districts, or they may be confirmed ; — ^however 
this may be, I think that they ought to be recorded. 

Capt. Richard Jefferey in alluding to the indications of much ore, 
lays great stress on the appearances exhibited at or near the inferior, 

' or ^^foot t&oZ/" of a lode. If the ore in that situation should begin to 
diminish, he says, that it is a very unfavourable sign, whilst on the 

'- other hand, if the ore on the foot wall should not decrease, and there 

• should be a vein or leader of it rather increasing in size in its 
descent, it may confidently be anticipated that the lode will be 
productive below. 

• He mentions that in the western' part of the principal lode in 
Hue! Jewel,* there is a course of tin ore resting on the foot wall, 
and of copper ore near the hanging wall, these ores being separated 
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from each other hy a small parallel vein of quartz and clay, and 
that when one metal is ahundant on one side, the other is so like- 
wise, near the opposite side. The same facts he has observed in a 
lode in Huel Squire. 

Of other mines I have received similar reports, the copper and 
tin being" generally rich together when they occur near the oppo- 
site walls of lodes, the former mostly occurring near the hanging 
walls, and the latter near the- foot walls. But it is premature, 
without further inquiry, to lay down a general rule on this subject. 
' Captain Nicholas Vivian has flent me many particulars respecting 
the formerly very productive copper lode in Huel Towan. It 
seems that this lode passes into CliiFdown mine, which ih situated 
to the westward of the former, and that here it yielded much tin, 
and no copper in the western part of the mine. Both these mines 
are in killas, without any known elvan course near them. 

Captain Joseph Vivian statses, that in North Roskear mine, there 
are four lodes producing copper ore, tin, and blende (sulphuret of 
zinc.) The two former sometimes occur in distinct bunches, 
and sometimes they are intermixed. One of the most pro- 
ductive of the lodes has not been found near the surface. Blende, 
quartz, and iron pyrites, are favourable indications ; flucan, and 
killas, otherwise^ This mine is in killas, and there are three cross 
courses which dislocate the lodes, and contain detached stones of 
** grey ore" (sulphuret of copper,) between the dislocated parts of 
the lodes, but the latter are very poor near the cross courses. 

In South Roskear, he says that there is only one principal lode 
with some branches which the same cross courses traverse, and that 
the ore in the lode is generally of a better quality where it ap- 
proaches two of the cross courses, than when atsome distance from 
them. There are elvan courses in both these mines, and in South 
Roskear, the lode is not so productive under the elvan, (which un- 
derlies much more than the lode,) as it is in^ and above it. 

Capt. J. Vivian also describes two parallel lodes in Providence 
mines, hear St. Ives, which are situated in granite and killas. One 
of these lodes, it seems, produces copper only, and the other tin and 
some copper, in both rocks. 
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CaptaiB W^liam Petherick, of Dolcoatli, is of ttie opinion, thai 
iKe lodts in that mine have been, upon ihe wholfr, moat prodnctiva 
of ore near the hanging walla* In one of the lodea, (the caun* 
ter,) the hanging wall is evidently lower than the foot wall. The 
Walla are generally well defined when there is a fiucan course in 
the lode. The cross courses traverse all the lodes except one, which 
heaves one of the cross courses mne feet, this lode heing furnished 
with the larger flucan; and he remarks generally, that ihe 
Yein which has the greater proportion of fiucati or clay, in its 
composition, mo&tly intersects that which has less, to whatever 
class of veins it may belong. Most lodes, he states, have isolated 
masses of rock, near cross courses, which are tenned '' kotses^^ in 
Cornwall. In Dokoath, arsenical cobalt, and native lusmuth, have 
been found with copper ore in granite, and the sulphuret of silver, 
and native silver, in killas. 

Captain John Rowse, mentions, that a cross course containing 
a vein of galena, was intersected and shifted two feet, in Ruri Mary, 
near Perran^ by a copper lode conlaining a large proportion of 
flucan. 

Captain Matthew Bray, has lUmiahed me with many particulars 
respecting the tin lode in Hewaa Mine, which is aitualed in kilhia, 
a«td was worked come tiine ago to the depth of 1€0 ^thorns. At 
60 to $K) fathoms, under the surface, the lode contained bunches 
or niaasea of yellow copper ore of one to ten tona each, which were 
completdy surrounded by very poor tin ground, not worth the 
expense of working, whereaa the lode produced much tin above 
and below, as wdil aa on the eaatem and weetem sides d these 
bunches of copper ore. At the depth of 130, to li€0 &tboms, 
tbe lode was divided into numerous branohes. It waa intersected 
and heaved aix feet by a cross ooairfie, and was found very 
productive of tin on each aide of it. The cross course also con- 
tained tin between the interaected parts of the lode, and at the 
distance of ten fathoma on either side. 

Captain John Taylor, of St. Just parish, reports^ that in Levant 
Mine, the copper ore is generally fbund near the hanging wall, 
and tin on the fcot wall. At Huel Oi^ls^ in the same parish^ the 
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eicoiaft c^Ufsiis or ^^pvtcie^^" have nearly a north and south betarin^^ 
aod the tin lodea, on an avert^> rake aboot N.W. and S.E. The 
guides are aome of them very large^ and contain various modtiU 
cations of the oxide of iror^ they also frequently contain tia at^ and 
near the poin^ where iJxey intersect the tin lodes^ and they some* 
times yield it mixed with iron oehre^ in cosiderable quantities* 
Many of the tin lodes are ^^eom^v^" i* e., are divided into joints par- 
allel to the walhi of the lodeS) and they have also^ very firequently, 
horisontal joints, when they are termed ^^dicey." 

Captain Taylor remarks^ that they consider it a good indieaiicm 
of the proximity of a course c^ tin, when they meet with a consider* 
able stream or jet of water in woriiin^ a mine. This, I believe, is 
regarded as a favourable incfication of ore, in most mining' districts. 

Captains James Rowse, and Ricdiard Dunstan, state, that Huel 
Vyvyan tm and copper mine, is wholly in ^anite, and has no elvan 
ecuirse, and that the kide vl^*ies from two to Ibrty feet wide ; it 
contains large angular masses of granite, with yellow copper ore, 
and tin frequently between tliem. The copper prevails mostly near 
the hanging wall, and the tin near the foot wall, and in many parts 
these metals are intermixed. There are eleven cross courses in the 
space of about 1 70 fathoms ; ^ley consist of clay, qaarta, and detritus 
of the adjoining rocks, in separate parallel layers. Some of these 
cross Qouraes contained more or less copper and tin, and the lode 
has usually been most productive of ore, near its intersections, 
and there the oopper ore is generally the sulphuret or vitre- 
ous ore. 

Captain Nicholaa Grenfell, Jun., of St. Just, informs me, that at 
. Bottallack Mine, in that parish, there are seven tin lodes, and four 
lodes containing tin and grey ore intermixed, which have nearly a 
N.W. or W.N.W. bearing. These lodes are small, varying from 
four to twelve inches m widtii, and they are crossed by another lode, . 
or rather guide, which ia from two to three feet wide, and has a 
N.N.W. direction. The latter has been productive of copper 
whilst in kiUas, and quite barren in granite. The same fact was 
. observed in. the other tin and copper lodes in^ this mhie, although 
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immediately at the junction of the two rocks they had some rich 
bunches of grey ore (the sulphuret.) The tin, on the contrary, 
was much more abundant in the granite, than in the killas. Gen- 
erally speaking, the lodes were larger in the latter than in the 
ibrnicr, and he thinks, that upon the whole, they were most pro-' 
ductive near the foot wall, and at the depth oFfrom ^5 to 100 fathoms. 
The lodes were often improved for some distance on each side 
of the intersections of the cross vein or guide, and also in the latter, at 
and near thi^ places of intersection ; and when the lodes crossed, 
or united in their dip, at small angles, they were more productive 
than when they met at larger ones. Guides contain oxide of iron and 
quartz, and often have more or less tin mixed with the iron, at' 
and near where they intersect the lodes. The carbonates of iron^ 
and of lime, as well as arseniate of iron, and fluor spar, were. found 
accompanying copper in the lodes. ^^JFZoors," or beds of tin have 
there been generally observed near the surface, on the back of the 
lodes, and near the junction of the killas and granite. 

Captain William Tonkin states, that lodes are generally enriched 
in the immediate vicinity of cross courses : — at Huel Crebor minis, 
near Tavistock, for example, a rich course of copper ore, eight or 
nine feet wide, occurred on the western side of a cross course, 
whereas, on its eastern side, the lode was quite poor. 

He mentions one instance of copper having been found in nearly 
horizontal floors ; viz. at Virtuous Lady mine, near Tavistock, 
situated in killas ; but floors of this metal, are, he thinks, of very 
rare occurrence in our mines. Some of the lodes near Tavistock, 
which produce copper in killas, yield only tin, he says, when they 
get into the granite of Dartmoor. The capels of tin lodes are, in 
his Opinion, mostly harder than those of copper. 

Captain John Davy considers, that when lodes have a much lar- 
ger proportion of clay than cross courses, they intersect the latter. 
He remembers an instance in Huel Alfred, of a cross course and 
flucan course having, when united, heaved the lar^e and very pro- 
ductive copper lode at the upper level in that mine, whereas, at a 
much deeper level, the lode heaved the same cross course, about 
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fourteen feet. Here the Bucan had separated from the cross 
course, and the lode contained a considerable vein of clay. 

When Relistian mine was formerly worked, the lode produced 
copper ore near the haxigixig wall, and tin near the foot wall. 

Captain Davy has visited many copper and lead mines in Ire- 
land, and . taken the bearings of the lodes, which he found very 
nearly to accord with those in Cornwall, i. e., they generally par- 
took, more or less, of an easterly and westerly direction. 

Captain Martin Thomas, who had formerly the superintendence 
of some mines in Chili, informs mc that the course of most of the 
copper lodes, which be had examined, in that country, was 
from the east, towards the west; — some of them varying to 
the northward, or southward of west; and he observed that 
many of them contained gossan. The lodes which produce gold 
have, the same strike, but the silver lodes occur in almost every 
direction. 

From Captain Richard Tregaskis, I have received great assis- 
tance in the course of these inquiries, and much valuable informa- 
tion relative to the phenomena of mineral veins. He has observed, 
that when lodes are nearly at right angles to the beds of killas, the 
masses of ore which they contain, are generally comformable in their 
underlie, to the direction or dip of such beds, in other words,. they 
usually take an oblique direction in the lodes, and form what the 
miners call "shoots^^ of ore : and when the direction of the beds 
and. lodes are nearly parallel to each other, the ore has not usually 
any independent dip or ^^ shoot" in a lode ; it is then termed a 
^^pipe*^ of ore. The large courses of copper ore in killas, in the 
Consolidated mines, which are so productive at present, underlie in 
the lode, towards the east, from the summit of the hill on its east- 
ern side, whereas,, the ore which has been extracted from the west- 
ern side of the hill, inclined towards the west, the strata or beds 
of killas having the same dip as the ore in both instances ; and 
it seems from his inquiries that similar coincidences have been 
observed in other lodes, in the United mines, Huel Unity, Huel 
Caroline in Perran Uthnoe, &c., &c. 

Where lodes cross the lines of junction of granite and killas, the 
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miuses ot orft krt v»tm\ly cotifenfiMibk to their direclion, utid this 
happens, if the ore be included, eilhef in the g^ranite, or in the killiui) 
itnd it very frequently id confined Almost exclusively to one of these 
rocks. It does not, however, «&ein to folbw, thiit other tMisses, or 
shoots of ore in. the same lodes, further to tiie eastward or westward 
of the lines of junction^ krt parallel to the direction of the or^, at 
or near the junctions : on the contrary, they not uncommonly dfp 
in opposite diftctions. Captain Tre^askis refers to examples of 
both lixese cases in Huel Jewel, Huel Gorland, filuel Friendship, 
&c., and he seems to think Uiat shoots often conform in their direct 
tion, in some degfree, to the inclination of the ground. He comri^ 
ders that lodes seldom produce much ofe when they dip into, or 
under a hill. 

He states that Captain Jefferey has remarked to him, that elvan 
courses are not, in his opinion, sufficiently noticed by writers on 
mineral veins, since most of the ore in the principal mines in 
Gwennap parish, have been found in, or near large elvan courses ; 
— for example ; Huel Virgin, Huel Maid, Huel FWtUne^ H«el 
Squire, Poldory, Ale and Cakes, Ting Taug, P<^dice, Ifael 
Onity, Huel Unity Wood, wid oth^r mines. Oaptahi Gpeg^r 
made the same observation to him, relaM^re to many of the mines 
near Crowan and St. Erth parishes, with which he is connected* 

In the eastern part of the Consolidated mme§, there i«.a KoH- 
20Tital elvan course, or bed, of several fkthoms in thickness, and at 
about IdO fathoms below the adit. A lode which traverses this 
elvan yielded much ore immediately above aad beneath it, but was 
quite unproductive in that part which was included vA the elvan. ' 

Captain Tregaskis lays much stress on tlie intersectiotis of kide^, 
by cross courses, which he considers often add greatly to thdr 
Talne. He remembers a lode in the Consolidated mines which htd 
a rich course of copper ore close to the eastern aide cf^ a crass 
course, but was quite barren on the western side of it. 

1 believe it will be found on intestigation, that the mineral teibs 
of Co«iwall diflfer very little from those which have been diMerved 
in other mining districts, in what may be termed theiir iMChand^ftd 

characters* 
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Westgarth Fof stef * has published some interesting details rela- 
tive to mineral veins fti rarious parts of the north of England : and as 
these are infossiliferous strataj I am inclined to give a brief report of 
some of his statements, in order to prove to such of our nriiners, a* 
mti^ not be aware of the circumstance^ how analogous they are to 
the phenomena which have been noticed in the mines of Cornwall. 
• Some of the veins in the northern counties produce the ores o^ 
various nietals, but especially galena, or the sulphuret of lead, and 
although the metalliferous veifis traverse a great number of hori- 
zontal, or rather slightly inclined beds, or stratified rocks of differ- 
ent kinds, they are barren of metal in most of them, and are 
Vfithout comparison, most productive in the limestone. 

The fissure, called a rake vein, in many instances, cuts all the 
strata quite through, from the surface to an unknown depth, and 
some veins have been tracefd to the extent of many miles on tlie' 
linei of their bearing. 

Sometimes the rake vein is nearly perpendicular, but it com- 
monly overhangs or slopes^ more or less, which the miners call 
*^ hading^* (underlying.) The rocks on both sides of the vein are 
4«tiominated t|ie sides or cheeks ; the upper one being the hanging 
iide, and the ir\ferior one, the ^^ledger.** 

These veins s^em to be of two species ; in one case there has ap- 
parently been a slip of the strata, and in the other none. Tlie slip 
veins are seldom wider above than below, but are sometimes nar- 
rotver. The gash or chasm veins are always wider above than 
below : in the former case the various horizontal strata show that 
one side of the vein has slipped, whilst the same evidence in the 
latter case proves that there has been no slip. The slip veins are 
subject to checks, or ^Hwitches^^^ as they are termed, that is, the 
hanging side, and ledger or foot wall, come together in some pla- 
ces, so that there is no room for any ore in the twitch : there are, 
iti these cases, corresponding enlargements of the vein ; but many 
teins are nearly regular an<l uniform in their size, and carry good 
ribs of ore for a considei^able distance. These veins seldom contain 

* W. Pontct on the s^-ata of ibiii«fAl \f^itt6 of the north of Briglitticl. 
C 
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any ore in tile inducarted argillaceous earths, but only a soft clayey 
substanqe. ^pttie- veins bear solid ribs of ore of one.iwo, or three 
•feet wiclp^ for- a considerable distance^ and others have many thiii 
rib^ of various diniensions, with spar^ or other mineral matter be* 
tween them. 

. If a vein bears nearly east and west, or E.N.E* and W.S.W., 
{the prevailingr direction of those veins,) and the south cheek is 
above the north cheek or side, the hade or underlie will g:enerally 
be towards the north, and vice versa. Some veins are quite irre- 
gular, or zigzag in their underlie. When X'fio neighbouring me- 
tallic veins run in an oblique direction, and meet, .they commonly 
produce at)ody of oreatthe place where they cross, either horizon- 
tally, or in their dip, if both contain ore ; but if one, be poor, and 
the other rich, they are either united, or are both impoverished at 
their meeting : in the former case they generally . separate again 
after a time, and continue their original course. When veins 
branch off into numerous ''si^ings^^ or veins, it is a poor sign, but 
when these strings are found converging into one vein, it is accoun- 
ied a promising indication. 

Sometimes there are branches in the adjacent strata which 
enter obliquely or transversely into vein. If these branches are 
impregnated with ore, and by dipping faster than . the vein, 
overtake or come into it, they are said to enrich it 5 but if they go 
off from it, they are considered to impoverish it. 

Veins are frequently compressed between hard strata, so as not, 
perhaps, to be an inch in width ; nevertheless, if they have a 
string of good ore, they commonly turn out well at last^ after they 
get into softer ground. In like manner, it is an encouragen^ent to 
go on, if the branches or leaders of ore enlarge, either in length 
or depth. 

There are other veins running north and south, which seldom 
carry ore except at the place where they intersect the east and 
west, or right running veins, and sometimes the former contain 
we for some distance on each side of the points of intersection. 
When right running veins are intersected by strong cross veins at 
about right angles, the former are sometimes heaved or shifted a 
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little way to the north or south, perhaps, not more than a fathom : 
but if the intersection should take place at not a very large anglej 
the east and wtst vein is thrown on the side of the larger angle, 
it may be as much as ten or twenty fathoms. 
* Some diagrams of remarkable intersections are given by the 
author; and he observes, that "the curious phenomena which veinsr 
present at the places where they intersect each other, are in the 
present state of our knowledge, perfectly inexplicable.'* 

^^ Riders J* or masses of rock in the middle of veins, are of common- 
occurrence. These masses frequently contain a variety of differenf 
substances, such as spar, ores of lead, and copper, &c., together 
^ith what appear to be fragments of the enclosing rock. Fluor 
spar, sulphate of barytes, and calcareous spar^ as well as blackjack, 
and iron pyrites, commonly occur, in the veins; and there are 
many eavities or caverns found in them, the interiors of which are 
often covered with beautiful crystals. Detached ribs of ore in 
veins in soft country, and frequently various ores, and masses of 
different kinds of stone, are found in a confiised state in very soft 
parts of veins ; and the sides of the latter are sometimes so shaken 
and loosened, that it is very difficult to distinguish them. 

Strings, or weak veins which branch. out from the principal 
vein, frequently terminate in the strata at a small distance, or fall 
into a parallel vein, if there be one near. 

A "back*^ or sweep, often resembles the segment of a circle ; 
it breaks off from the hanging side of a vein, and forming a curve, 
returns to the same vein again, enclosing a mass of rock between 
it and the principal vein. 

The ^'flat** vein, is the space between two beds of rock occu- 
pied by mineral matter; it is sometimes nearly horizontal, or 
iiiclined, when the strata are so. Such veins of\en yield much lead 
ore, but rarely at a distance from the right running veins; 
sometimes, however, they seem to be enriched by cross strings. 
The flat veins are open in some parts, and closed in others, like other 
veins ; — the roof frequently resting on the floor in some points. 

A ''pipe " vein resembles in many respects, an irregular cavern, 
pushing forward into the body of the earth in a slanting or slop- 
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mg direction, the slope varying from nearly horizontal, to nearly 
perpendicular ; in fact, they are in most instances, conformable to 
the position of the strata, but not always. 

There is, moreover, an ^' accumulated pipe vein,", or conical vein 
which often contains a great quantity of ore, and appears to be the 
result of several rake veins crossing at the same point. 

The author also describes '^JhaV^ find '^skoacT* ore : the former is 
water- worn, and mixed with pebbles resting on the surface of the 
rock, under the soil : the latter ore is not often water- worn ; it 
occurs in the slope of a hill, just under the surface ; — and is consid- 
ered a sure indication of the neighbourhood of a vein, which may 
be more or less distant, according as the acclivity of the hill is 
more or less considerable. 

This outline of the phenomena presented by mineral veins in 
some of the northern Counties of England, will serve to show their 
resemblance to those which have been observed in the Cornish 
mines; and as the former exts^ in rocks abounding uM organic 
remains^ which are to be seen even in the cheeks or walls of the veinsy 
no doubt can be reasonably entertained of their having been origi<« 
nally cracks, fissures, or openings, in the strata, in which mineral 
substances have been deposited. 
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I propose now to consider how far the phenomena of mineral 
veins can be accounted for on known principles* I am aware that 
it may require much time and research fully to solve the problem^ 
but I trust that I shall succeed in making out a prim4 facie case 
in favour of the probability of its being ultimately accomplished. 

I have long been impressed with the analogy which mineral 
veins' seem to present to some voltaic combinations, and have 
referred to it on various occasions. In one of my papers, ^^On the 
temperature of mines," which was read before the Cornwall Geo- 
logical Society, in 18^2, I adverted to the subject in these terms :* 

*^ If electricity, for instance,, be evolved when several different 
^^ mineral substances are brought into contact, and likewise in the 
^^ process of crystalization, &c., may it not |n connexion with the 
^^ strata and veins, and the almost distinct portions of water which 
^^ abound in tlie earth, also act its part on a larger scalc^ and not 
^^only excite heat,f but contribute to produce the extraordinary 
<^ aggregation and position of honM)geneou9 minerals in veins, &c.^ 
^^and the beautiful order which exists even under the surface of 
« the earth ? 

In 1827, I again alluded to the subject, apd to the apparent 
analogy between electro-magnetism, and the geperally prevalent 
direction of the principal metallic veins, nearly at right angles to 
the magnetic meridian. Between two and three years afterwards 

* Thft paper from whick the extract is mads wm pubUahed in tk» Anasls of 
FhiloMphy in 1822. See Vol. IV. p. 447. 

t I am quite inclined to believe that there is an independent source of heat 

in the interior of the earth, although the circulation of water under thd surface, 

aoxd Its tendency when heated to ascend, must, I think, render any inferences 

fcnadad on experiments in minee ineonehsfltive as it respfcts the true ralio of the 

, jpcfean of tespct atuse ai vety gssat def^bi. 
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I commenced my experiments on the electro-magnetic properties 
of metalliferous veins, and proved the reality of the existence of 
electricity in them. 

Scarcely a year, however, has elapsed since my opinions, with 
regard to the formation of mineral veins, have assumed a shape, 
definite enough in any degree to warrant my communicating them 
to the Geological Society of London, which I did last spring ; and 
I have since availed myself of other occasions to enter more fully 
into some parts of the question. 

Formation of Fissures. 

I am aware that the prevailing opinion in Cornwall, is rather 
opposed to the hypothesis of mineral veins having been derived 
from fissures in the strata ; nor can I be surprised at it, as I have 
participated in the same opinion. I could not conceive how nume- 
rous, large, and deep fissures could have remained open, during the 
formation of mineral deposits in them, under the circumstances in 
which the veins are now found to exist, since they intersect each other 
in various directions, and their vein, stones when included in a given 
rock, do not often resemble, or appear to have belonged to any 
other rocks immediately above, when traversed by the same veins. 
For reasons such as these, I refrained from adopting any general 
theory, as those of Werner and Hutton seemed to me to be very 
unsatisfactory, and indeed inconsistent with many facts. 

My objections to the hypothesis of fissures, were, however, re- 
moved, when it occurred to me, that many of them might have 
been very small at first, and become progressively opened and 
filled with minersd deposits. Moreover, that other secondary and 
lateral fissures might have resulted from time to time, from the 
expansion of the former ; which I think, obviates any mechanical 
objections derived from intersections, and from the fact that contig- 
uous veins often include large masses of rock detached and isolated' 
from the heighlwuring strata, or " country,*^ 

The circumstance of vein stones derived from any given rock, 
not being found in the vein, whilst traversing an inferior rock, ap- 
peared to be easily accounted for, if the fissure, instead of being 
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Wide, wefe contracted enough materially to check the descent of 
^mall fragments of rock : and the very frequent subdivision of the 
larger veins into smaller ones, seemed, moreover, toaiFord decisive 
evidence in favor of such a process. * 

• I admit that the mineral veins in Cornwall, are not more liable to 
hypothetical objections, such as I have alluded to, than those which 
occur in fossiliferous rocks, and I should long ago have been satis- 
fied on this point, had I been sufficiently acquainted 'with the strict 
analogy, which has been shown to exist between them, in what 
may be considered their mechanical characters. But it is not now 
necessary to refer to such evidence, at a distance, since De la Beche 
has discovered encrenites, and other organic remains, imbedded in 
killas, (grauWack^,) close to the walls of the eastern part of Great 
Crinnis copper and tin lode ; and this gentleman, moreover, seems 
to entertain no doubt from the direction of some of the fossiliferous 
beds, that they must pass under many of the copper and tin mines 
aiear St. Austell. 

It may not be easy to determine what has given rise to fissures 
in the earth, but it is likely that different causes have operated, 
some probably sudden and violent^ and perhaps often repeated, 
producing, at various intervals of time, considerable disruptions of 
the strata ; whilst others may have been more slow, and gradual ; 
but even in this case, I conceive, that the effects upon any given 
fissure would mostly be intermittent, or by fits and starts ; for it 
may readily be imagined that if the influence of tension were exer- 
ted to a certain degree, there would generally be a sudden en- 
largement of the rent. 

Earthquakes, which are even now of such very common occur- 
rence in some countries, may give some idea of the former : and 
the gradual elevation or depression of vast tracts of land, which is 

* Since I first published my views on this subject, I have learnt that Fournet 
a French geologist, has observed in the mines of France, &c., proofs of the pro- 
gressive enlargement and. filling of fissures, so that the circumstance of our 
having both arrived at^the same, concliisions by independent observations, in 
widely separated mining distriets, is certainly favourable to the truth of the hypo- 
thesis, a« will as to its generj^lity. 
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found to have taken pkce in different parts of the world, even fti 
modem times, may be mentioned as an exemplification of the latter. 
These changes of level may, perhaps, be owing to fluctuations of 
temperature under the earth's surface. 

The phenomena of mineral veins in Cornwall, prove that the 
various rocks which are traversed by them, must have occupied 
their present relative positions before the Assures were produced ; 
and I conceive, moreover, that none of these rocks could have been at 
the time, at temperatures greatly differing from each othe^, because 
the veins which traverse them at various angles and inclinations, 
are neither dislocated nor necessarily altered in sisse, in passing from 
one rock into another, being sometimes larger m one kind of rock, 
and sometimeis in another. These remarks apply to the veins, 
even when they pass through elvan courses which traverse other 
rocks ; whereas, if any of the rocks were at a much higher tem* 
perature than those in their vicinity, after the formation of the fis* 
sures, the contraction caused by the cooling of the former, surely 
ought, under some circumstances, to have interrupted the con- 
tinuity of veins, and to have increased their dimensions. 

I think we may, therefore, venture to assume, «that fissures have 
not been produced by any cooling of the rocks from a high origi* 
nal temperature, but that they must be attributed to the operation 
of other causes. 

It is exceedingly probable, however, that changes or alternations 
of temperature under the surface, may have been one of the pro- 
cesses from which some fissures have resulted, and were afterwards 
expanded. An increase of temperature would occasion an expan- 
sion and upraising of the strata, from which rents would result ; 
and a reduction of temperature, causing a contraction of the rocks, 
would produce the same effects ; in either case, the rents would 
he in nearly' opposite directions, which might have been determined 
by the structure or joints of the rocks. Now, if the fissures result- 
ing from an upraising of the strata, however produced, were to be 
parUy filled with fragments or detritus of the rocks^ or other min- 
eral deposits, they would be wcdgjsd open as iiwere^ afid wouldnoi 
consequently) return to their original level^ after tlie i^biida^ of 
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Ihe upfifiing cau^. In this way cavities t^ight be formed at 
greater or less depths, and dislocations would probably follow, giv- 
ing rise to some of the phenomena of faults. 

The crust of the earth must, in some places at least, have beeii 
subject to great vicissitudes of tempeiftture, if we may judge from 
the common occurrence of basaltic and trappean rocks, and even 
of volcanic matter, passing through, and resting upon, different 
strata. ' . 

- It appears from the ratio in which the temperature increases in 
descending into our mines, that the heat may be about 21^ Fahr. 
at something more than a mile below the surface ; and I fully be- 
lieve, for many reasons, that the ratio of increase observed in mines 
is not so great as that of the earth itself, but that the aggregate 
effect of adventitious causes, operating in the former, has a tendeu;^ 
cy to reduce the temperature below its natural level. 

It is highly probable that many of the veins penetrate to the 
tiepth of several miles ; for taking them collectively, I apprehend, 
vthat their width is not sensibly diminished in our deepest mines, 
^although some of the latter extend to between two and three hun- 
dred fathoms below the surface. * Great as this depth may ap- 
'pear to be, it is not a twelve thousandth part of the semi^diameter 
of the earth, or in about the same proportion as the thickness 
of common writing paper to a sphere of eight feet in diameter. 
The minute cracks which are sometimes observable in the var- 
nish of a common globe may serve to give some notion of the size 
'of the most considerable mineral veins in. relation to the earth itself, 
although they may be many miles in depth as well as in l^igth. 
' However this may be, there can be little doubt that many of them 
penetrate into regions of great heat, and assuming that they have 
orighiated from fissures, they must have contained water even in 
'their deepest parts, because the great pressure of the column, 
-equal to one hundred and sixty atmospheres, even at the depth of a 

• 

* - . 

* The bottom of the Consolidated mines is now nearly 290 fathoms under 
' the surface, and about 240 fathoms, I believe, below the sea level. 
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irifle, — would, of course, have prevented its being converted infa 
steam at the bottom of the fissures. 

What then must have been the result of this state of things ? — -14 
is evident that the heated wafer, a,t and near the lower parte of the 
fissures would ascend tbrougli the cooler water above, whilst the 
latter would descend, and occupy the place oP the former, produ-t 
eing a circulation, more or less i<^pid^ aQconding-ta cigeumstanoes. 
Such circulation of heated water would naturally tend, in. aamrn 
measure, to wear away the sides of the fissures, and m&y have con- 
tributed to produce that degree of smoothness, for which some parts 
of the walls of veins are often so remarkable. If any of the iaclin*i 
ed fissures W6re safRciently wide and op^n in aome places, tibit 
ascending currents would prtncipaliy act cm the haiigifig. wallB^ 
and the descending ones on the foot walls ; and it remains ^. b^ 
ascertained by careful inspection, whether tracea of the resuite of 
such action can be detected in ihe walls of an^^ ipineral vi^ns, 
Stones inore or less rounded, an^ apparently water^wom,. are otS* 
casionally found in the form of conglomerates in mineral v^eins^ b^ 
they are sufficiently rare to render it probable that the bitter i^M.^ 
have been mostly very narrow, or that the accumulation, of m»M^ 
in them might soon have, become so considerable aa to. obstruct thf 
easy circulation of the water* 

Let us suppose that in time, this, cicculatt0|i was almooti aU^pf^ 
by mineral deposits, the temperature erf! the watef at th^iloirer 
parts of the fissures wouM< increase^ whilst that of the. wator 
above would decrease in a greater ratio. The inferior strata 
would, under these circumstances, ha^ some tendency to. er^ipstpdy 
and the superior strata to contract: bat if the farmer l^appef^^ 
to be wedged open in any parts, by fragments, of rocks and 
other substances, such expansion would tend to widen tl^> fis- 
sures, whilst* the contraction of the strata above, WQuld, at tl|e 
same time, augment this effect. Thua. the rents, might; have ad- 
mited of the circulation of the water being renewed; and the same 
proces^. m\ght have breen again and again repeated, until. the fj^syres 
at length, .b^ca|i9e,t90, JftUch fille4 fron^ the top to tl^e bottom 
with mineral deposits, for such action to go forward with any 
perceptible effect. 
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•" I Inerely allude to t&is proe^ss mcidentaHy, without intending' t6 
make it plromin'ent, bs it matters not to m j preseht object by wfiat 
means figures were formed or enWg'ed fmn time to time. It is 
sufficient to bel^t^e thiULt different causes niay have operated wltH 
jgreater or less effect^ and that they were fully adequate to accom- 
plish the object. 

It fs^ I bfeliere^ g^eneraily eorisid^r^ by miners, that the t^in- 
peratuk'e of our copper Ibdes^ is g'reater than that of the surround- 
ing' c6ufitry, at equal depths : * ahd they regard a copious jet of 
warm water into their workings as a ikvourable indication in a lode. 
Tin lodes are often rather inferior in thi^ respect lo those of cOp* 
per, which is probably owing to their being^ generally harder and 
more compact &ah the latter. 

I have, on different occasioiiSy referred t6 gralnite being rather 
Jbelow killas in temperature ; + aikl W. J. Hehwd6d has since de- 
termined^ by nuhteroiis ^xperiffiehts, thai the temperature o£ the 
former in our mining di^tnets^ lis a few degrees below th^t of the 
"latter. The difference in these cases^ whatever it may be, I have 
long attributed t6 the facility afforded by Iddes^ as conipared with 
the rdcks ; and of kiUas, as compared with granite, for the circula- 
tion of ascending and descending currents bf water ; and it is easy 
to perceive that the deeper lodes, and those parts most abounding 
with ore, may admit df such circulation more readily than where 
there is an accumulation in them, of clay and finely divided me- 
chanical deposits with quartz, &c. 

Assuming th^ hypothesis of a progressive enlargement of the 

greater part of the origindl fissiites, it is not diflicult to utiderstand, 

that the &rmati(ta of secondary ohes, from time to time, Would be 

the natural consequence of the rending force exerted, and of the 

. tendency in the hahging sides of fisisttres sonietimes'to break off in 

. vast masses from the adjoining country^ thus forihing cracks of great- 

* From the mean of several obserrations made in mines, I have estimated 
this diffarence to be nearly three decrees. See Gornwall Geological transact 
tions, Vol, II„ p. 29, year 1820. 

t See Annals of philosophy, 1822, Vol. IV., p. 447 ; and Philosophical Mag- 
azine for 18.3Up. 99. 
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er iTr leas extent, H^tiee, linany lateral and branch veins may have 
originated, and likewise the masses of rock which so frequently 
occur in the yeins, and which are termed by the Ck>mish miners^ 
^ horses*^ But this subject v^ill be again refi;rred to in-this papery 



«<^ 



Filling of Fiiswres, 
It has already been stated, that mineral veins consist of subsian* 
ces resembling the enclosing rocks, and which are assumed to hav« 
been mechanically derived from them ; and also of other substances 
which are so different from the contiguous rocks as plainly to indi* 
Gate another origin ; and such deposits, I conceive, may be referred 
to chemical, or electrical agency. 

It is obvious that the splitting of rocks, and ^rther openmg of 
the fissures from time to time, Would occasion fragments, and fria- 
ble portions of the (brmer to fkll into the fissures, whilst the flow- 
ing of water into the latter, and its circulation within them, would 
tend to produce depositipns of detritus of the rocks, clay, and other 
finely divided matter. These mechanicfil deposits would generally 
be accumulated in the largest proportions, in such parts of a given 
fissure, as had the greatest underlie ; and miners find that lodes 
fire usually less productive of ore in $uph situations, thau in other 
p^rts which ar^ more nearly vertical* 

I have already explained my reasons fbr believing that the water 
cd the bottom of sopie of the deep fissures, must have been at a 
very high temperature, and must consequently have caused a more 
or less aptive (sirgulation in them, of ascending and descending cur*^ 
rents, It is well known' that the solvent properties of water, 
as well as of acids, alkalies, &c., are augmented by heat ; and 
there is reason to believe that th^ir power to dissolve matter, and 
to hold it in solution, increases in some ratio with the temperature. 

It seems therefore to follow as ^ nece^ary consequence, that 
the hotter portions of water, &c., in the deeper parts of the fissures, 
would become charged with matter which it would deposit more 
' and more as it ascended through them, and became gradually re-« 
duced in temperature ; its partial evaporation, when at the surface 
would also augment this tendency. 
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Amongst these deposits it is probable that silica or quarts, wks 
most abundant, and that in many instances, it becaifie intimately 
mixed with chlorite, and earthy matter, worn off from the sides of 
the fissures, by the action of the currents of hot water upon them. 
The hot springs of Geyser, in Iceland, and Furnas, in St. Michaels, 
have accumulated silicious deposits around them to a great extent ; 
and other thermal waters in various parts of the world, especially in 
India, and South America, are more or less charged with silicious 
matter, which they partly deposit on reaching the surface : — and 
as quartz is^ perhaps, the most general and abnndant substance 
in the majority of mineral veins, I think, there can be no hesita* 
tion in admitting that it may have been collected in the way now 
suggested. Other earthy substances of difiicult solubility, without 
the aid of great heat, may also have been deposited in like manner, 
whilst the deposition of the more soluble compounds, and especial- 
ly of the metallic ones, must be referred to other causes. 

It is, moreover, highly probable, that a greater or less proportion 
lof the contents of veins may have been derived, by infiltration, 
from the neighbouring country ; and the circumstance of the rocks 
in the immediate viciuity of lodes being generally inferior in hard* 
ness to those at a distance from them, tends to strengthen this 
hypothesis. The firequent incorporation of quartz, chlorite, and 
other jnatter with lodes themselves, as well as with their sides, so 
^118 to obliterate any appearance of walls ; — ^termed '^capels^*^ seems 
to afford additional evidence in &vour of infiltration. Such solu- 
tions, depositions, and changes, might be produced by a slow 
electro-chemic&l axition, and the present hardness or sofbiess of the 
sides of veins, and of the rocks adjoining, ought not certainly, to be 
referred to, as a criterion of what they formerly were in these res- 
pects. If it were needful, proofs might be adduced in abundance, 
of silicious matter havitig taken the place, aiid assumed the form of 
animal, vegetable, and mineral bodies, so as to compose masses, 
equal in {lardn^sfi to quartz rock, or to the most compact " cape/;" 
there can be no doubt then, that there exists in nature, a power of 
transference, such as I have alluded to. 

I h^ve found tliai pieces pf cpippact granite and kiUas taken out 



32 

of a mine^ and wkhoui any apparent flaws in them^ aflber baying' 
been placed in boiling water in which a stnall quantity of solne sail 
was dissolved, were rendered conductors of voltaic electricity^ &!• 
though they possessed this property in. a feeble degree in compar« 
ison with the liquid solution itself. 

It is evident from this experiment, and ftwti others ntade ill 
mines, in which parallel lodes acted on each other through very 
large masses of rock, that rocks become conductors of electricity, 
especially at considerable depths, where the great pressure of the 
column of water, and the high temperatuil^, combine to introduce 
inoisture into them. If then-, the rocks are thus rendered even 
feeble conductors of eleetrity, and contain difierent salts, they ard 
necessarily, exciters of it also ; that Jsj if contigtious, they become 
hi opposite electrical states ; the same remark applies wifth siS 
more force to moistened clay^ because it cotutains mone wiMeK - 

I have pfDved by an examination of waiter taketi ^m dIflWenI 
mines, and from variovs parts of the same Aiine^ that diffei^ent 
.varieties of saline solntions now exist in neighbouring stratar* hi 
•fiom« instances, the proportion of foreign matter irt (he water, wiA 
very small, whilst in others, it was considerable ; but I have mi 
yet tried any mine water^ that would not prddface Very decided eii@e- 
trital action, when the native sulphuret, and bi-su!phuret of cbpi- 
per^ were plunged into it, and the voltaic circuit completed* "this 
very superior conducting power of the saline water in tlie fissiifre^, 
in relation to the merely moistened rocfcs^ would always! t«fid tb 
supersede the transfer of electricity, mor* or le&s, through the 
latter. The contact of large surfaces of rock, clay, Ac, #ith 
water, dilFeritig in its saline contents ffotn thetfi, mtist at^ have 
been an efficient source of electrical excitement ; arid it should not 
'be forgotten, that the circulation of ^e water Would be liable tb 
very frequent changes of velocity, in consequence of obstructions 
in the fissures, or their occasional enlargement, so that the contents, 
as well as the temperature of the water, would be subject to many 
modifications. 

In many instances the rocks may have contained, as they now 
sometinies do, iron pyrites and otlier metallic substances, atid in the 
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(]eq)er parts of the fissures, it can scarcely be cbubted, that the 
sources of electrical excitement were greatly aug'tnented and mul- 
tiplied^ not only on account of the high temperature of the water^ 
which must ha¥e materially increased it» conducting power, but 
likewise from the probable existence there, of some of the metalsy 
ia a pui!e, or nearly a pure state. If these points be conceded, if 
is difficult to assign limits to the extent of the development of 
electrical action. 

Now it is a weH known fact, that electric ciarreiitsj by which I 
meaa voltaic or thermo*-eleGtric currents^ and magnetic bars, ob 
nee^es, having freedom^ to take any position, have a tendency to 
arrange theinselves at right angfeato eaeb other, and consequently 
as has. been proved; by experamenty an electric current transiaitied 
through a very delicately poised, conductor, will cause it to take a 
po^ibir at right angks to the, qrifigaetia' meridian of the eanth^ If 
an ; electric curoesb be directed^ from east to west through a metallk; 
wire, a magnetic needle, suspended a6'<n« the wire, w^ill have its 
marki^d end diiiected towards Ae north^. but if tiie direction of the 
ouTffenit be reversed^ so will be that of the needle alto^ and the 
markedjeitd: wilLpointi toH^ard the 8auth% If the needle be suspend 
ded or poisedi under; the.> w.ircf. the. order, of its positions will be 
mverteeL 

iteipere has. infermd.from tfaese-'-^lectro^roagnetic pi^pertiesi^ 
that the directionof the compass, or in other words, of the teri^trial 
magnetie meridian, is: due to the circulation of ourrentft of eleotrir 
city, round the giobe fronii the Cjast: towards the west;*, and this 
opinion has, Lbelieye,^beeii vej:y generally, adopted. Such currents 
may, in many places, be more or less oblique with respect to the 
parallels of latitude. The aurora borealis, it is well known, some* 
times appears in the ^rm of an arc, the centre of which' is inter- 
sected by the plane of Uie magnetic meridian, or nearly so;- and 
it has been proved by observations, some of which were mtkle by 
niyself, that it has oflen a tendency to deflect the magnetic needle, 
and also., to diminish the intensity of the earth's magnetism. 

The iMirora:m&;|S9^ therefore, I think, be considered, an ex]iibItion 
of electric currents at a- great height, which are. cemiAeted with 
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others nearly parallel to them, in the interior of the earth. Whe- 
ther, however, we regard terrestrial magnetism as the effect or 
cause of the direction of electric currents, it cannot be doubted that 
these phenomena are in harmony with each other, and that if 
electricity existed under the surface^ it would, if not counteracted 
by local circumstances, pass more readily from magnetic east to 
west, than in any other direction.* Hence, if fissures happened to 
have opposite horizontal bearings, and were equally filled with 
water charged with saline matter, the electric currents would be 
determined in preference, through such of them as most nearly 
approximated to the magnetic east and west points at the time. 

Thus, for instance^ \fewfig 1, Plate IV, were at right angles to 
the magnetic meridian, and the fissures were formed in the direction 
ah or c d^ the electricity would pass longitudinally through such 
fissures rather than through others nearly at right angles to them* 
The amount of the variation of the compass has been observed, in 
this country, slowly to oscillate through an arc of at least 36^, it 
being now nearly 2 5 J® to the westward of the true north at Fal- 
mouth ; whereas, about 250 years ago, it was noticed in London 
to be 11° to the eastward of north, which gives a mean magnetic 
declination of 18° to the westward of the true meridian. 

Taking it for granted, therefore, that the electric currents were 
chiefly confined to those fissures which most nearly corresponded 
with the magnetic east and west, they would act on the saline sub- 
stances contained in Uie water, and gradually decompose them, 
the metal, or base, being determined towards the negative pole, 
or the electro-negative rock, and the acid, towards the electro- 
' positive rock. 

-' * If we suppose electric currents to circulate round the earth from the east, 
.towards the west, both abore and below its surface, they would tend to deflect 
a magnetic needle in opposite directions, so that, in fact, terrestrial magnetism 
would be due to the excess of one over the other; and this hypothesis may possibly 
be found to be more consistent than any other with various magnetic phenom- 
ena, and particularly with the fact that the magnetic intensity has not been 
found to undergo any sensible change at considerable he^hts above, or depths 
• beneath the surface. , 
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However slow this process might, at first, have been, the depo-' 
sition of the metals would cause it to become more and more 
energetic. The metals and metalliferous (leposits would, likewise, 
naturally react on each other, and give rise to new combinations 
and arrangements, till they arrived at a state of comparative equi- 
librium. This may be said to be very much the case in the lodes 
at present, as most of the ores which are capable of conducting 
electricity, very nearly approximate to each other in the electrical 
scale ; being more electro-negative than silver, and many of them 
as much so as platina; indeed, the grey oxide of manganese, and 
the loadstone are electro-negative in a still greater degree. Ar- 
senical pyrites, iron pyrites, and copper pyrites, hold rather a high 
place in the scale, and are electro-negative with respect to purple 
copper, and galena, but more especially to the sulphuret or vit- 
reous copper ore, which will produce a very decided action on 
a galvanometer, when connected in the voltaic circuit with copper 
or iron pyrites, &c. 

All these ores, as well as some others, are of course^ conductors 
of electricity ; whereas the sulphurets of zinc and of silver are non- 
conductors. This is also the case in regard to other native sul- 
phurets, and to most of the metallic combinations with acids and 
oxygen. * 

It has already been stated, that the productiveness, and general 
contents of veins, seem materially to depend on the rocks which 
they traverse. Similar metalliferous deposits are, in some of out 
mines, principally found in one rock, — in granite, for exam pie; and 
in other mines, in killas or elvan, although the same lodes may 
happen, in some instances, to traverse all these rocks, and veny fre- 
quently copper and tin are found in different contiguous rocks ^ 
thus the former may chiefly occur in granite, and the latter in kil- 
las. or vice vers4. 

7 " • • • 

The character of the different beds of killas seems likewise to 
have had a decided influence on the deposition of the metals, and 
the miners lay great stress on the nature of the '' chanfieW^ of 

* See my papcur in the PhilMophical transactions, in 1830, page 399. 
£ 



ground traveFfied t>y ihe. lodesi, iii their anticipatiQn^ of their being' 
prQ4uctive or otherwise. Thp oceiirrence of oblique ^'shpoU^^^ aijd 
qf'^pipes^^ of ore, descepding cpnfpr|ii^bly to tbe iifi^erlje of the 
beds or laminas of the kill^, as mentioned by Captain Treggskis, 
(pa^e 17,) affi>rds additional eyidiSHce of the connection between tiip 
strata and the cppten^s of Ipd^s. Ail the f^cts, inpf^v^r, se^^i to 
bear a remarkably ^najogy to some of the resvilts of voltaic action. 
It is well kno^n th^t by its ^n^^ns, tb^ cbemjcal ^piti^s of bodies 
i)iay be sup^irs^^^d, and eyen inverted; so i^ i^^y, ap4 it doeii 
s^eip to have happened, that metallic apd earthy sub^t^D^^s v^erp 
detern^ined tpw^rds certain rocks, and deposited on th<3m, accord-? 
ing to the relative electricfil ^tatps of the latter. Tbese states may 
have depended, either on tlie salipe or nietallic n^fitt^r which the 
rocks pont^iped, or on tbpir positions and cpinbinatipns with respect 
to other rpcks, modified, fnorp or Ipss, by their relative ten^ppr^turp^ 
at the time, as well as by tfep prevatei\t direptvon of the plectriij 
currents in their vicinity, and by numerous otllpr acpidpntal cir? 
cumstances, 

Becquerel has shown, that if a long sJip of copppr be put into 9 
glass vessel partly filled with a solution of copppr, and partly witii 
water, or acidulated water, so carefully poured in a^ nPt to mx 
with the former, afler some time, a precipitate of copper wilj 
appear on that ei^tremity pf the slip of mpt^l which is in the 
aolution. It ia evidpnt in thii» case, tbM the }iqui4s wpre in ppppsjtp 
electrical states, and that the depo&iition pf oppper, lya^ t)ip rpsuj^ 
of voltaic action ; for if the slip of copper had bpen put into a sii|^r 
pie solution of that metal, thp prpcipitatipp would not have taken 
place. The same philosopher has obtainpd, by nieans pf we^k a^^ 
long continiied electrical action, many of thp i^etals, n^^tallic sul.- 
phurets, and other n\etalliferoi}s and earthy CQiiapounds,^ npt a fpw 
of them beautifully crystallized, and precisely . resp^fil^ling thosve 
found in nature. 

Crosse has, by means of Wge voltaic batterips pi^citod by wat^ 
only, ako produced a great variety of mpt$il}ip and esirtby mineral^ 
ai^id amongst others, he has, I understand, obtained a crystal of 
quart^fi n^rl j a^ qij&rtsy of an inch long. 
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When I learnt from this gentleman the results of his experiments^ 
and persuaded him to communicate them to the Geological section 
at Bristol, I was, like himself, unacquainted with Becquerel's expe- 
riments, or at least, I had no idea of the method which he adopted. 

Afler what has been stated, it might appear almost presumptuous 
in me to allude to any of my own experiments, did they not seem 
particularly to bear on, and to elucidate, some of the phenomena 
which are observed in the mines of ComwalL 

Following the arrangements which nature seemed to present, I 
placed different ores and metals in different saline solutions, sepa- 
rated merely by walls of clay in imitation of our flucan courses, 
and I completed the voltaic circuit between the ores, metals, &c., 
in the different cells so formed, by copper wire. 

By these means, I found that yellow or bi-sulphuret of copper, in 
a solution of sulphate of copper in one cell, and sulphuret of copper 
(^'grey ore,") in water or acidulated water in another cell ; con- 
nected together by a copper wire, acted on each other, and afler 
some weeks, the bi-sulphuret had a thin coating resembling the sul- 
phuret* When zinc or iron, was substituted for the sulphuret of cop- 
per in the water cell, the bi-sulphuret of copper became coated with 
a considerable crust of the sulphuret, or rather it was changed into 
the latter to a greater or less depth, according to the duration of 
the experiment, in consequence of the abstraction of a portion of 
sulphur, and probably, also of some of the iron which it contained ; 
and beautiful crystals of pure copper, were abundantly deposited 
upon it, and likewise, in some instances, red oxide of copper. 

These experiments seem to bear on the fact of neither metallic, 
nor red oxide of copper, occuring in our mines in conjunction with 
yellow copper ore, but oflen with the sulphuret, or grey and black 
ore. 

When a solution of sulphate of iron,* was substituted for the 
sulphate of copper in the cell containing the copper ore, the latter 
appeared at first, to have on its surface a deposition of iron, and 
this becoming oxidated, in time formed an incrustation, which re- 
sembled ^'gossan,^^ When the water in the other cell was acidula- 
ted by sulphuric acid, and a plate of zinc or iron, put into it, 
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having" a metallic connection with the electro-negative copper or 
iron ore in the solution of sulphate of iron^ (or sulphate of zinc, a» 
the case mig-htbe;) sulphuretted hydrogen was evolved from the 
latter, and sometimes in considerable abundance. 

In the course of many of my experiments, I observed that the solu- 
tion of sulphate of copper, for instance, became considerably elevated 
in the cell containing it, whilst the level of the water in the other cell 
was much depressed ; indeed, in some instances, it was nearly all 
transferred. Hence itinay, perhaps, be concluded, that this modi- 
fication of electrical agency, or endosmose and exosmose process, b» 
it is termed, may operate under the surface of the earth, and that 
water may, by similar means, be raised to different levels, on oppo- 
site sides of flucan courses, &e. In sonae instances, there may 
happen to be a series of successive elevations, where circumstances 
are favourable :— the subject, at least, seems to deserve investigatioa 
in connection with the height of springs, &c. 

I have observed that when the chloride of tin in solution, i» 
placed in the voltaic circuit, part of the tin is deposited in a me- 
tallic state at the negative pole, and part at the positive one, in the 
state of a peroxide, such as it occurs m our mines. This experi- 
ment may serve to explain why tin is found contig-uous to, and 
intermixed with copper ore, and likewise separated from it, in 
other parts of the same lodes, or in other lodes situated near, or 
perhaps crossed by the copper lodes. 

It appears that copper, iron, zinc, and other metals, in solution,, 
are, under ordinary circumstances, determined toward the neg-ative 
pole ; and the fact of '^ gossan " being found in copper lodes, and 
not in those of tin, is quite in conformity with the ascertained pro- 
perties of the respective metals.* Some metals, however, like tin, 
assume the properties of acids, if combined with oxygen, and con- 
sequently, when in this state, tend towards the electro-positive pole. 
It has been remarked that tin lodes are oflen harder than those of 
copper, and this is perhaps, owing to the determination, by elec- 

* I have already noticed that many large iron lodes are nearly coincident with 
the magnetic meridian : this direction, when regarded in connectiou with the 
magnetic properties of iron, is interesting. 
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trical agency, of a portion of silica to the electro-positive pole. 
Having endeavoured to show that electric currents must have 
existed under the earth's surface ;— that their tendency, on electro- 
magnetic principles, must have been, cisteris paribus^ to pass 
longitudinally through those fissures which most nearly coincided 
with the magnetic east and west points ;-— and that in proportion 
as they decomposed the earthy and metallic salts held in solution 
or otherwise existing, they would determine their constituent parts 
toward opposite poles, or rocks in opposite states. I shall next 
refbr to some circumstances, which may have interfered with the 
full, and undisturbed operation of these laws. 

These may partly have been of a mechanical nature. — ^Clay, or 
other earthy accumulations in the fissures may, by forming inter* 
mediate poles, have arrested the transfer of the metal in given 
directions, and thus produced depositions of ore in various parts of 
the fissures, short of the most decidedly electro-negative rock. 
Suppose, for instance, that the general tendency of the electric 
currents at any place, were towards the granite g g'^fig 3, Plate I V^ 
but that the contraction of the lode or fissure, e to at c?, and the 
accumulation of earthy matter there, checked the transmission of 
the metals so much, as to produce a deposition of them in the wider 
part of the fissure, the result might be a bunch of ore, at /, con- 
nected with the small vein or string at d. 

There are other causes of an electrical or chemical nature, 
which may, in some instances, have had a powerful influence in 
determining the relative positions of mineral deposits. 

It is well known that tin in solution has a strong affinity for oxy- 
gen, and will rapidly attract it from the atmosphere, forming with 
it an insoluble peroxide; and hence, may partly have arisen 
the circumstance of this metal, being commonly found near 
the surface, on the back of copper lodes, and more or less inter- 
mixed with ^^gossan." This property of tin seems, moreover, to ac- 
count for its occurring more dispersed than copper, and upon the 
whole, rather less conformable in its positions to general rules. 

Solutions of iron have also a tendency to absorb oxygen from 
the atniQsphere, and to form an insoluble oxide, (iron ochre ;) but 
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It is very inferior to tin in this respect ; and this circumstance may 
be another reason why ^^gossan" is^ not found On the backs of tin lodes, 
since the superior affinity of the latter met&I for oxyg»^n, when in 
solution, would naturally interfere with the absorption of this gasy 
by any iron dissolved with it. 

It is to be inferred, from what I have before stat^, that sul- 
phuretted hydrogen might have been abundanrt^Iy generated by ihe 
action of electricity on yellow copper ore^ or even on iron pyritesf j 
and it is well known that this gas will imnrediatety throw down the 
metals, except iron, and few others, in the state of solp^rets,.jiiP tire' 
order of their respective affinities, and ^n wovld be amongst the ^si 
to be so precipitated. It may, perhaps,, be imagined that this re- 
agent woueM have precfpiAated the ibetafe^ more or lessy throughout' 
the whole extent of a giveiKftssure-^i butif mtrst be retnemfbered,. thart 
its action might hwve been very much concentrated,. near. tbepetfrtrat' 
which it wa» generated^ if therer were a sufficient supply of Mtetal-- 
lie salts in solution in the^ same vicinity, to absorb it. Moreover,. % 
cannot be doubted, as I have before remarked,, that the iitetaMiio 
substances must have reacted on each other : thus a considefablo 
accuiviulaftion of an electro-positlte metaly such as zinc or iron, at aw 
electro-negatrve rook, might, for a time at least, lusve changed,. o«r 
reversed the direction of the electric currents* 

The pseudomorphous crystals of various kihds, and: especially of 
quartz, which are of such common occurrence inoor mkie^sa^rd 
decided evidence of reac6ofl. We find-,, fop eiEantpie,, the? yelidw 
sulphuret of copper in the forn* of crystals: erf carbona1>e^ of irony 
which it must have g^dualiy displcteed ;i oxid^ of tin ill the form of 
cry^itals of felspar ; and' die sulphuvet of leaiot in mx sided prism8,r-»» 
termed blue lead,-^haviug superseded the pho8phate> of that metal. 
JRtj^. 20, Plate VI, represents a= crystal iif- my possession,, the shaded 
pavtof which is bhie lead ^ and tlie unshaded' part tliTaiwliKent phos- 
phate of lead,- not yet decomposed^ 

The appearence of another crystal in. my* cabinet, is shoWn by 
Jig %l : — the light part represents pseudo-hornstone, projecting 
througii the centue of st crystal of octohedral blue fluor, part of 
which still- remains^i and is represented by the shaded part. 
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Big 19, represents a ^ roup of larg-Q quartz crystals, with crystals 
of iron pyrites qxx one side, and of copper pyrites on the other, with 
a line of separation between them. This curious arrangemaut 
9eeiTis tp be due to electricity, and a i^reat many of these crystals 
were foupd some time ago in the Consolidated mines. 

The enumeration of r^gults of secondary action in veins, might 
be greatly multiplied, proving, that sub^tfinces not soluble under 
ordinary cipcumstances, have been transferred into, and taken thq 
£brms of other bodies ; to s^y nothing of the evidences of secondary 
action alForded by the numeraus m^tAllift^rous deposits, which are 
Ibund in veins, situated in fo^liferous strata, £^nd precisely resemble 
many of those which OQCUt in the min^ of Cornwall. Can it then be 
doub^d that many of the phenomena observable in our mines, are 
paused by similar aciioiis and rea^tigns; — by such an agent, in fact^ 
as ekclrlcity is known to be, seeing tbt^t time, and power, on the 
most extended aeal^, have not been ws^nting iiof their production ? 

It has been asked, why, if metallic deposit^ were produced by 
electricity, they are fip^nd in fissures or veins, rather than in the 
unbroken parts of the roQk9 ? The much more, easy transmission 
of electricity through the fissures is one reasoo^ which has been 
already urged, and the continual change of the water and salts 
in them by circulation, may be referred to as another ; since 
it is obvious that the moisture absorbed by the rocks, must always 
have been in a compaicatively stagnant state. 

Many of the cross veins, as h«^ been mentioned, abound with 
quarts of a fibrous or radial texture. Tiq 18, Plate VI, repre^ 
sents a fragment of suqh quart?* At a, the crystals of quarts; poinj; 
towards each othev ; h and (2, seem to be lamina^ of killas, or chloi- 
rite and quartz intermixed ; at c, the division between the quartz 
appears principally toconsisjtof iron ochre; and at e there is a 
sur&ce of killas and quartz like the outer walls of the including 
vein. 

The quartz may hi^ve been chiefly derived from the deeper parts 
of the fissures, as in tl^e'eas^ of lodes, and partly^ perhaps, from 
the neighboi^ring rpcks^ by means of infiltration. Its striated ar- 
rangem.ent may be owing to. the sides of a given fissure having 
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been in opposite electrical states, such as are acquired by the con- 
tact of conductors, or by the intervention of a liquid between them ; 
i. e. the electricity, instead of having passed longitudinally through 
the fissure, may have crossed it from one wall to the other. This 
inductive state, or tendency in electricity, to traverse a vein at right 
angles to its direction, may, under given circumstances, be produ- 
ced even in lodes, in consequence of the action of parallel lodes on 
each other, as will presently be more particularly noticed. 

Does not the remarkable arrangement which has been alluded to, 
arising apparently from position, rather indicate the existence of 
some general laws, to which even the directions of the joints of 
rocks may be referred ? It has been proved, that substances which 
are considered the most insoluble, may be acted upon, and re-ar- 
ranged by feeble, and long continued voltaic action ; so it is possible, 
that an elementary arrangement may have taken place, even in 
moist mechanical deposits, and have imparted to many rocks, ihe 
characters which they possess. 

The clay and disintegrated portions of the enclosing rocks which 
exist in some cross courses, and in flucans and slides, are evidently 
of mechanical origin. 

Intersections and Dislocations of Veins. 
Intersections have been supposed to afford certain evidence of 
the relative ages of veins, the intersected vein having been assumed 
to have had an anterior origin to the intersecting one. How far this 
distinction may be true, generally speaking, I will not pretend t» 
determine; but I think it can be shown, that the mere fact of 
intersection, ought not, apart from other considerations, to be taken 
as evidence of the relative ages of veins. On the contrary, I be- 
lieve, that in many instances, intersecting veins had, at least, as 
early an origin as those which they traverse : how otherwise are 
we to account for many very complicated intersections which occur 
in our mines ? To illustrate this point, let us suppose e w and n 5, 
fig 1 , Plate IV, to represent small rents or fissures, co-existing in 
opposite directions, aud that e w became gradually filled with me- 
chanical, chemical, and electrical deposits, and n «?, with mechani- 
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ca! deposits only, or mixed with quartz. It is evident, that th^ 
trtechanical deposits, and even the quartz derived from the circula- 
tion of the Water, would have a tmndency to accumulate at the points 
of intersection more rapidly than the metals, ^c, would be deposited 
there, by the agency of electricity. Suppose both v^ns simaltati- 
eously to have undergone a subsequent enliargement as represented 
by j"^^ 2, their contents would be completely separated at a^ and* 
the opening' would be immediately filled, in part, by tire debris of 
the rocks and veins ; whilst the descent and circulation of the water, 
would tend to produce an early deposition of clay and finely divided 
matter, and thus the intersection of the lode, e tt?, by the more 
mechanical cross vein, n 5, would still be apparent. 

Hence it may be concluded that when veins, crossing each other, 
become expanded, the softer and more mechanical vein, will have 
a tendency to intersect that which is more crystallihe and firm in 
its composition. Thus we find that tin lodes, which are Usually 
harder than those of copper, are intersected by the latter ; whilst 
both are, in most instances, intersected by cross courses, fliicans^ 
and slides. It seems, however, that when copper lodes abound 
with clay, they often intersect the cross courses. On this principle, 
we are enabled to explain the fact of a vein, a, intersecting another 
fr, at one level, and being itself intersected by 6, at another level. 

The dislocations, or ^' heaves " of lodes, may have been sudden, 
or increased at intervals. If a given heave occurred at, or soon after 
the first formation of the cross fissure, the laminae or included veins, 
would, by their regularity and parallelism, probably indicate suc- 
cessive periods of expansion, as shown inn sjig4y Plate IV, and^fl 
18, Plate VI, but if a dislocation took place when the cross' vein had 
attained its full size, or nearly so, its contents would be disturbed, and 
the laminae confused and irregular, if riot obliterated ; see n s, fig 5. 

At the time of the dislocations of any given lodes, it will readily 
be admitted, that the violent fracture and disturbance of the rocks, 
might have produced numerous minor rents, and eveii very miiiute 
ci'acks, near the dislocated parts, which, when filled With rhetallic 
or earthy deposits, would constitute small veiris and stririgs, which 
c d and ^y fig 4, ttiky help to illustrate. Veins so fbrrhed, ard 
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^qitkefintes so diminutire as to .serve for hatdd specimens, shaWiitg 
intersections in miniatnre. It has been remarked that such small 
teins of ore connected with a dislocated portion of a lode, on one 
side of a cross course, have not, usually, any corresponding veins con« 
nected with the part of the lode on the other side of it ; in fact, 
they afford evidence of not having been fi[>rmed prior to the- dislo- 
cation. Thef same observation applies to the frequent acctimulation 
of ore in lodes close to cross courses, either on one side only, or 
on both skies of the latter. In such cases, it can hardly be doubt- 
ed, that the ore must have been deposited after the intersection 
or heave happened, and this hypothesis is corroborated by the fre- 
quent occurrence of some ore, in the cross courses, near the inter- 
sections. If then, much of the ore, were deposited after the 
formation of the cross fissures, how does it happen to be accu- 
mulated in E. and W. veins, rather than in N. and S. ones, if it 
be not referred to electro-magnetic agency ? 

It is obvious, that the progressive openings and dislocations of 
fissures, might have given rise to other secondary fissures, in conse- 
quence of the rending force exerted, or the subsidence of the hang- 
ing sides of the former, when their supports in the fissures were 
disturbed. Thus if the hanging side of the fissure or lode, m y^fig 
4 subsided, the secondary vein or lode, f g^ might have been the 
ultimate result ; and the breaking off of the hanging side of the 
cross course, n «, Jig 4, might, in like manner, have produced the 
vein h k i, and the other smaller veins nearly parallel to it. The 
section represented by Jig 17 j Plate VI, will help further to ex- 
plain the probable origin of such subsequent fissures, or veins ; 
suppose the whole mass a 6 c to have given way, with the included 
portion of a tin vein / o, the latter will exhibit opposite heaves or 
throws, upwards and downwards, as at / o n. 

It may sometimes happen, that an apparent break in a lode, 
niay have arisen from a fissure, in traversing another horizontally, ' 
having taken a zigzag direction, as represented in Jig 6. In this 
case, the lode e Wy is supposed to have originally passed a little to 
the right in the cross fissure n «, and then to have resumed its pre- 
vious course. This case is only to be distinguished from a real 



45 

dislocation, by its not being found to accord with otber sbifts, or 
by there being none in its immediate neighbourhood. 

The appearance of a di^ocation may have been also produced 
merely by the enlargement of an intersecting lode : thus let a b. 
Jig 15, Plate V, represent the section of a copper lode, and c rf, that 
of a tin lode, the latter would seem to be dislocated as at ef^ by the 
opening of a 6, in the direction of the dotted lines, afler c d was 
formed. The enlargement of the fissure would also be more con- 
siderable in its vertical, than in its inclined parts: this will be 
illustrated by comparing a and &, with ^, fig 15; commonly, 
however, I believe it will be found, that the hanging walls of 
VBins have subsided more or less, and exaggerated these phe- 
nomena. 

Fig 36 may represent a dislocation caused by a diagonal mo- 
tion of a mass of rock, as it were, on a pivot or axis. Let the 
dotted lines a 6, represent the section of a gossan or copper lode, 
and c (i, of a tin lode, in their original positions ; "and suppose them 
to have fallen over to the positions a! h' and c' d. The slipping of 
the walls a h against each other, would destroy their parallelism, 
and cause a considerable dislocation of the tin lode as at ey. 

It will generally be easy to ascertain the direction of the motion 
which has produced any given heaves, if other veins, differing in 
their dip, occur in the same neighbourhood. 

Thus let fig 7, Plate V. be a ground plan, and^^ 8, a section of 
three lodes, one of which is vertical, and the other two dipping to- 
wards each other ; and let n $ represent a cross course, by which 
they have been dislocated. It is easy to perceive, that the phenomena 
represented in the diagram, can only be accounted for, by a verti- 
cal motion, as shown by the dotted lines, ^^ 8. In like manner,^5 
9, and 10, clearly indicate a diagonal motion on one side of the 
cross course, in the direction of one of the lodes ; and figs II, and 
12, a horizontal motion, all the lodes having been equally heaved. 
Figs 13 and 14, illustrate other varieties of heaves, the single lines 
represent the horizontal bearings of different cross courses, and the* 
double lines those of lodes which have been shifted by the former. 
Now, as the lodes dip in the direction of the arrows, a small subsi- 
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d.ence of a^ fig 1 3, and a mu^h greater oDe of w, would produce 
the effects observed ; and so. would, of course^ an elevation of a, 
and of 6. In fig 14, a depression of 6, and a more considerable one 
of 69 or ai». elevation of w. and e^ would account for tbe relative situ- 
ations of the- dislocated parts of the lodes. 

Other explanations might evidently be given, but it i» perhaps, 
i^iQ^cessary to ^arge on the subject. It may, I apprehend, be 
ceo^arke^^ that the dislocations of the veios in Cornwall do not, gen- 
erally spes^ing, indicate that these phenomena are owing to vecti- 
QaJ^ so mi^ch as to lateral, or sliding motion, having a greater,' or 
I'l^fis degree of obliquity. 

The extent of heaves pflen. seem? to vary considerably at difibc- 
ent depths. This may sometimes be owing to a cross vein having 
spli^ ititp. brancheft iti descending, as in a ca.se at Huel J^wel, men- 
tioned to me by Capt. Jeflferey, or changes in the underlie of the lodes 
may have produced only an apparent difference in> this respect. 

I'he occurrence of large masses of rock in veins which are some- 
times quite isolated frpm. the strata or country, cannot well be 
explained on mechanical principles, except on the hy]5othesi8 of 
the progressive, opening and filling of the fissures. Let us suppose 
the vein, efd^ fig 17, to have been small at first, and to have been 
aj^erwaf ds- opened, by some rending force, in consequence of which, 
the mass m, became detached: from <^e hanging side of the fissurse, 
and' rested on the mineral matter previously deposited in. the vein : 
a fissure between m, and. the hanging w>aU,, would be the result; 
and when this became filled; with mineral matter, the mass m, 
\y.ould constitute what in Cornwall^ is termed.^ '^ honsey^ and in the 
north' of England, a ^rider.,^* These "horses" are frequently 
p^ni^traibed in. different directions by smi^l veins of quartz, ore, &.c, 
the crAcks from which tibey originajted) having probably been, 
caused' by the movem9Xits audi pressure of the superincumbent' 
rooks. 

It has been remarked that the mechanical deposits would, natu- 
rally accumulate in. the inclined, rather than in the more vertical 
parts, of fissure ; which, as well as the inferior widtfa.of tlic fbrmer, 
will; sufiiciently account for thein being generally less produce 
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ti-ve of ore. Such mechanical deposits on Ae fbot wally wh'ek 
may beconae ia time^ almost' incorporated wiih it, and the giving 
way fifom tiflae to. timie of portiouft orboth walls^ bu>£ inore esf>ecielly 
of the hedging one, may, among^st other causes, well explain why the 
lodications of them are ofl^en ¥eiry unde^jsed, or eatirely efFaced. 

The swall veins, or laminee of di&rent inetalliAspous, ov earthy 
^eposlM^. included withia the walls of a principal vein, are frequents 
ly parallel, but sometimes oblique^ with respect to the sides of the 
vein. The former position, a» I have be&re remarked, affords de- 
cisive evidence in fiivour of a progressive opening, and filling of the 
fissures, and the latter,v or obliqiu? positioa of the included veins, 
strengthens^ the hyp^o^^esis, as it may be aitributed. to their having 
adiier«d to one wall, in some parts,; and to the other wall^ in other 
parts of a fissurti, during its expansion^ or it may, in some instan« 
ces, ha^e been- caused; by cracks^or rents across the v^Hns, which were 
afterwaids^ filied up by mineral matter or clay ; see Jig 15^ Plate 
Y. At At, it will be noticed thai the indications of included veins, 
. are very indistinct^ owing to. the ef&ct of disturbance under great 
pnesMir^e, and to. the* metals,, reacting on each other and entering 
ipto combinations * afler their deposition ; wliereas at t, parallel 
and oblique veins ane represented in< the* lode. 

Having thus given my view»-as- to> the origin of some of the sec- 
ondary and branch fissures, I shall next endeavour to account for 
\he deposition of ore. in them, even; when they happen to be almost 
at right angles to the prevalent bearings of the lodes. 

I have found by experiment,, thai when the ore contained in two 
parallel' copper lodes are connected, by wires, the electricity trans- 
mitted through the latter, nearly at right angles to the direction of 
the lodes, is oflen. very energetic* If the fissure K A, Jig 4, con- 
tpined water with' salts in solution, it. would evidently,. Uke the wire,, 
conduct the electricity between u; oxid.y; and the latter would tend 

* It is evident that any of the metaU ibund in our mines, which mighty at first,, 
have been deposited in a pure state, would quicldy enter into new combinations, 
when reacted upon by copper and iron pyrites. The more electro-positive metals, 
such as zinc, tin, iron, &c., would of course, be exposed to the influence of such 
teactton before copper. 
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to decompose the salts, and deposit the basis at the negative pole or 
extremity, of the fissure ; arid the deposition would proceed onward 
in the fissure, till it reached the other extremity, provided a 8ufH«- 
eient supply of salts were brought under the electric influence by 
circulation, or otherwise. This operation might, however, be 
checked by the accumulation of mechanical deposits in the fissure, 
or by silica, or other substances, some of which might have been 
determined towards the electro-positive pole. 

On the same principles, minute veins or branches, and '^droppersy^^* 
which ramify in different directions from lodes, may have been fil- 
led with ore, &c. These are sometimes termed ^'feeders^^^ because 
they are often connected with masses of ore, but they ought, per- 
haps, rather to be viewed as the effects, than the causes of the 
productiveness of lodes in their vicinity. 

The small veins or *^ leaders " of ore, which are oflen observed 
in cross courses, between dislocated parts of lodes ; (see a and 6, 
fig 4, Plate IV,) may likewise be referred to the same kind of ac- 
tion between the divided portions of the lodes ; and when the ore 
in the cross courses extends beyond these boundaries, as it sometimes 
does, it may have been so deposited by the influence of more distant 
lodes ; or in consequence of the acuteness of the angles of intersec-^ 
tion which has caused the cross courses to partake, in some degree, 
of the nature of branches of the lodes. 

The arrangement of some of the metallic veins, with respect to 
each other, is oflen very remarkable ; thus it happens, that in those 
parts of Cornwall where copper and tin are abundant, lead, and 
some other metals, when they occur, are found principally in cross 
courses ; whereas, I apprehend, that in some other mining districts 
where lead greatly predominates over copper, the former is in east 
and west v^ins, and the latter in cross veins ; but I am not pre- 
pared to speak positively on this point, or to lay it down as a rule. 
If it should be confirmed by further inquiry, the fact may perhaps, 
be attributed to the well known tendency which is observable in 
portions of any given metal, to cohere or become aggregated with 

* " Droppers " are shown at r, Sy and cf, Fi0 17, Plate VL 
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other portions of the same metal previously deposited ; and to the 
influence of electrical action, between parallel lodes of other metals, 
which happen to occur in any place, in the greatest abundance. 

It has been observed, that when two lodes of the same denomi- 
nation, unite at acute angles, either in their strike or dip, they 
generally continue together for some distance, and are enriched 
whilst in conjunction. This result is quite consistent with the in- 
creased electrical action naturally produced by the union of two 
nearly parellel currents. When, however,- lodes cross each other 
in their underlie at very considerable angles, they are, it seems, 
usually impoverished at and near the points of intersection. Now, 
if the electric currents were in* opposite directions, in fissures so 
circumstanced, this ought to be the result, as they would tend to 
neutralise each other at the parts of intersection ; and it is remark- 
able, that even now, the electric currents seem, in most instances, to 
proceed from the eastward, in lodes having a north underlie, and 
from the westward, in others, having a south underlie.* W. Hen- 
wood has recently published in ^'Sturgeon's annals of electricity," 
a summary of numerous observations made by him, on the elec- 
tricity of lodes, which, generally speaking, show this tendency, 
although not so constantly as those which had previously come un- 
der my notice ; but it is scarcely to to be supposed that local causes 
should not often modify the direction and energy of such currents. 

I am decidedly of the opinion, that the electro-magnetic phe- 
nomena which have hitherto been detected in mines, were caused 
by voltaic, rather than by thermo-electric action. To produce the 
former, we separate good conductors,— different metals, for instance, 
by a less perfect one, — such as saline water, moistened clay, &c. ; 
but to generate the latter, we employ a good conductor, such as a 
piece of metal, uninterrupted by an imperfect one, and heat one 
extremity of it. Now, it has been ascertained, that the greatest 
electrical effect was observed in mines when masses of ore, sepa- 
rated by clay, and other imperfect conductors, or parallel lodes, were 
connected by wire ; and if, in a few instances, currents were de- 

* See Philosophical transactions, 1830, p. 401. 
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tected when different parts of apparently contiaiKKis masses ^f ore . 
were so connected, it is highly probabie that they were more or 
less divided by joints, which however minute^ would tend to excite, 
voltaic action, and to produce currents through the wire, as being 
the superior conductor. Nor does the fact of the deeper and warm- • 
er parU of copper and lead lodeH, having, in most instances, been 
found electro-negative, seem to accord with the thermo-electric 
properties of ihe sulphurets of these metals, which are rendered 
electro-positive by heat. Upon the whole, it is probable, from ihe 
comparatively small difference of temperature between the extretn- 
ities of any perfectly continuous mass of ore in our lodes, that the- 
influence of thermo-electricity, is too feeble to be easily detected 
by ordinary means ; or at any rate, it must be considered as hold- 
ing a very secondary place indeed, in producing the electro- mag- 
netic phenomena which have been observed in mines. 

Reoapitulation, 
In the theoretical part of this paper, I have, amongst other 
things, endeavoured to show : — 

1. That admitting the origin of mineral veins to have been de- 
rived from fissures in the earth, there is reason to believe that the 
latter may have been produced by different causes, and at various 
intervals ; also that many of them have been enlarged from time 
to time. 

2. That the accumulation of mineral deposits in such fissures has* 
been likewise progressive ; and that the evidences afforded by the 
resemblance of the vein stones to the several enclosing rocks, and 
the arrangements and sub-divisions of the contents of Ve'ns, are de- 
cidedly in favour of both these conclusions ; independently of other 
arguments, based on mechanical principles. 

^. That the phenomena of veins seem to indicate that many of 
the fissures penetrated to a great depth, and into regions of very 
high temperature ; and that consequently the water which they- 
contained must have circulated upwards and downwards with 
greater or less rapidity. 

4, That since the solvent power of water seems to increase in 
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some ratio to the augmentation of its temperature, it is obvidus 
that it would tend to dissolve some substances at a great depth, 
which it would deposit, more or less, in the course of its ascent 
through cooler portions of water ; and also in consequence of its 
partial evaporation on reaching the surface. 

5. That a part of the earthy contents of Veins, and more espe- 
cially silica or quartz, was apparently accumulated in this manner, 
and usually combined, more or less, with matter otherwise 
deposited* 

6. That rocks, clay, &c., containing different saline solutions 
and metalliferous substances, in contact with water, charged, in 
many instances, with other salts, were calculated to produce elec- 
trical action ; and that this action was probably much increased 
by the circulation of the water, and differenced of temperature ; 
but more particularly by the existence of compressed and heated 
water, metallic bodies, &c., at or near the bottom of the fis- 
sures. 

7. That since the water in the fissures containing metallic, or 
earthy salts, was a conductor of electricity, especially when heated, 
aiid in a very superior degree to the rocks themselves ; it is evident, 
that in conformity with the laws of electro- magnetism, the currents 
of electricity would, if not otherwise controlled, pass towards the 
west, through such fissures as were most nearly at right angles to 
the magnetic meridian at the time. 

8. That the more soluble, metallic, and earthy salts, may have 
been decomposed by the agency of such electric currents, and the 
bases been thereby determined, in most instances, towards the 
electro-negative pole or rock : that tin, however, under these cir- 
cumstances, is only partly deposited at the electro-negative pole, 
and partly at the electro-positive pole, in the state of a peroxide ; 
and that these properties of this metal seem to bear on its positions 
in the lodes, with I'egard to copper, being sometimes found with 
it, and sometimes distinctly separated from it. 

9. That the position of one rock with respect to another, or to 
a series of other rocks, may, as well as their relative saline or me- 
tallic contents, temperature, &c., have had a decided influence on 
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Ae deposition of minerals on thetn by electrical ag«fncy, so that a 
ghten rock may have been eleetro^positive in one situation, and elec* 
fro^negative in another, in> regard to other neighbouring rocks, as 
this id quite consistent with voltaic phenomena. 

10. That the evolution of sulphuretted hydro^en^ and the ten-» 
dency of some metals, when in solution, to absorb oxygen, and 
become insoluble, may, in many instances, have interfered with the 
regular arr£kngement of the metals, such as electricity would have 
effected ; and that hence, many anomalies may have arisen, espe- ^ 

eially in relation to tin. \ 

' 11. That the electrical reaction of the different metalliferous 
bodies, and of masses of ore on each other, after their deposition in 
the fissures, may have corrected such anomalies in some instances^ | 

and that they may have given rise to them in others, by changing 
ihe direction of the electric currents, and thus modifying the rela- 
tive positions of the deposits; and that the pseudomorphous crys« 
tals of various descriptions, as well as other phenomena observable 
hi mines, fully prove that some suc^ secondary action must have 
taken place* 

1^. That cross veins may have been filled mechanically, or by 
the deposition of silica from a state of solution, or by both these 
means ; and that the striated and radiated structure of the quartz^ 
may be owing to the tendency of 'electricity, under ordinary cir- 
cumstances, to pass transversly, rather than longitudinally, through 
N. and S. veins. 

13. That assuming the proofs of the prc^ressive opening and 
-filling of lodes and cross veins to be admitted, it seems to follow, 
that many intersections may have been caused by the more ready 
accumulation of clay, and other mechanical matter, and even of 
silica from its solution, than of the more slowly formed metallifer* 
ous or crystalline deposits. 

14. That the frequent occurrence of a mass of ore in that part of 
a lode which is intersected by a cross vein ; and also of small branches 
of ore from a dislocated part of a lode on one side of a cross vein, 
without there being corresponding veins near the other part of the 
lode, on the opposite side of the cross rein, afibrd strong evidencae 
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of the deposition of the ore in such cases, after the intersection 
took place ; and that it was accumulated in the E, and W. veui, 
rather than in the N. and S. one, by the influence of electro-ma^- 
netisna. 

} 5. That the small veips of copper and tin ore which are ofleu 
found in cross veins between the dislocated parts of lodes, and the 
frequent occurrence of more considerable, and yet, for the most 
part, very limited quantities of these ores in the former, in the im- 
mediate vicinity of intersections, are additional arguments in favour 
of the operation, of the same definite ag^ency. 

1 6. That the secondary fissures, resulting from the cracking- off 
of larger or smaller masses of the banging sides of veins, may have 
been partly filled, in many instances, by tlie electric a,ciion of dlf« 
ferent ]x>rtions of ore on each otlier ; and that secondary lodes may 
have been formed at right angles to parallel E. and W. lodes, in 
consequence of the reciprocal action of the latter. 

17. That many other phenomena of mineral veins, including 
those of a mechanical character, such sls tlie occurrence of horses, 
heaves, &c., appear to be capable of satisfactory explanation on the 
principles which have been laid down* 

Conclusion, 

tmperfeet and limited as is our acquaintance with mineral veins, 
enough is known to excite our admiration of the order and fitness 
which prevail amongst them. 

We observe that many of the most useful metals are the most 
abundant; — and the fact that they are generally confined to certain 
veins, and to certain portions of them only, is perhaps, of greater 
import, than we might at first suppose : — for had they been disse- 
minated in the strata, or even dispersed througliout all mineral 
veins, the labour required to obtain them, would have rendered 
them practically useless : — or had they, on the other hand, been 
much more coneentrated, their rapid exhaustion might entail incal- 
culable injury on future generations. 

Again, we remark that few metals are found in a native state, 
and those very sparingly ;— were it otherwise, there is good reason 
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to believe that their electric actt6n and reactioh would have been 
80 energetic, that some of the electro-positive metah could not 
Kave been permanently deposited. Had the metals generally ex- 
isted in combination with oxygen or acids, their electric action 
Would have been reduced to a minimum quantity ; in which case, 
many metallic, and other solutions, might, from being but partially 
decomposed, have found their way to the surface, and impregnated 
the springs with their deleterious qualities. Sulphur appears to be 
the only component which enables metals to effect all the required 
conditiotls, and this proves to be the combination in which they 
most frequently occur. It has already been mentioned that such of 
the metallic sulphurets as conduct electricity, are highly electro- 
negative, and that their reciprocal action, in most instances, is so 
nearly in equilibrio, as id prevent considerable changes ; neverthe- 
less, they seem to possess suflicient electric activity to act upon 
other bodies, and to decompose saline solutions which may be ex<- 
posed to their influence: — and who knows how important such 
electrical filtration of the ascending water may be, to organic exis- 
tence at the surface of the earth ? 

Some of the cross courses appear to be channels for conducting 
the water between different lodes ; and the flucan veins, by occa- 
sionally intercepting it, tend topreventthe too great drainage of the 
land which would otherwise attend mining operations, whilst at the 
same time, they enable the miner to prosecute his labours under^ 
ground, to a much greater depth than would else be practicable. 

Considering the nature aiid arrangement of mineral veins under 
the surface, it can scarcely be doubted that the endosmoae and exoj- 
mose process must prevail more or less, within the earth, and. tend 
to cause differences in the water level on the opposite sides of flu- 
can courses. This influence, as has been before remarked, may be 
sometimes exerted in the same direction, through a series of paral- 
lel clay veins, so as to produce successive elevations of the water, 
and thus affect the relative heights of springs. There are good 
grounds for believing that some of the most curious phenomena 
connected with respiration, and various animal and vegetable $ecre* 
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iioQs depend on the same process, which is itself apparently, a 
Yesult of electrical agency.* 

This at least, is certain, that the action of electricity is not <!onfine(i 
to the surface of the earth ; and it is more than probable that it 
is inherent in al! matter in some modified form ; so that, should 
tfie Hand that produced it, suspend its operation but for one mo* 
ment, animal and vegetable life would be universally extinguished. 

I have already alhided to the property which water possesses, in 
eommon with all other fluids, fo ascend when heated, and to the 
mfiuence of this property, in conjunction with the high tempera- 
ture of the interior of the earth, in the filling of fissures with min- 
eral deposits. Thermal springs seem to be also a result of the same 
causes, and it is unnecessary to enlarge on their uses to mankind. 
Were it not for this law of fluids, the great ocean-currents which 
circulate between the polar and equatorial regions, tending to 
equalize the temperature of the earth's surface, would cease to 
flow, and the atmosphere would be comparatively stagnant and 
unfit for respiration. 



♦ Does not the counteracting effect of external irritation in inflammatory cases, 
appear to be a result of the same principle, which caused' an electro-positive metal 
to preserve an electro-negative one, when they are together exposed to the action 
of diluted acid ? If this analogy be well founded, it seems to follow, that in order 
to insure the most beneficial effect, the external irritation should be kept up 
without intermission. 

In the Philosophical Magazine, vol. 5, p. 7, I have suggested that the electric 
Yemenis, (if I may use the term,) may, like electrified bodies, possess opposite 
poles, and that the inversion of these poles^ to a greater or less extent, according 
to the relative conditions of the contiguous substances, may simply and satisfac- 
torily account for inducHoHf and other electrical phenomena. I can in no -other 
way conceive, how the changes in the electrical condition of different bodies when 
brought into contact, and the perfect balance of forces thus induced, are to be 
explained. — Why for instance, is silver when placed in diluted acid with copper, 
protected, at the expense of the latter, which, under such circumstances, is acted 
upon with increased energy ? — and why, when iron is substituted for the silver, 
is the previously electro-posiiive copper, rendered electro'neffative, and pro- 
tected by the iron ; — and this again by zinc ? — In such cases, kn actual trans- 
ference of an electric fluid can scarcely be imagined. The fact of many compound 
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Evidences might be nmltiplied, almost without limitation, to 
show the perfect adaptation of pimple general laws to every possi- 
ble case, in the whole circle of creation. We can, however, detect 
their existence only by their effects, for our perceptions are far too 
limited, and our comprehensions too feeble, to understand the ele« 
mentary constitution even of the simplest form of matter. There 
is, nevertheless, in all Nature, a harmony of parts, and a consistency 
of operation, calculated to excite our reverence and gratitude 
towards her Almighty Author, whose infinite fore-knowledge and 
goodness thus forcibly manifest themselves, in the perfect adaptation 
pf physical laws to every existing circu^tance, 



bodies, which are non-conductors of electricity when solidf becomiag conduotorSf 
when Jluid, appears to be in accordance with the hypothesis alluded to. In the 
former case, the poles may, perhaps, be retained with a double force by the com- 
ponents, so as to prevent their inversion, whilst in the latter, the fluid particles 
may allow a degree of freedom of motion to the poles, and be turned with them. 
When I referred to the circumstance of fluids being capable of acting as voltaic 
poles, pages 32 and 36, I omitted to mention an experiment which I showed to 
some of my friends early in the autumn. On immersing a bladder contain- 
ing acidulated water, and zinc, in a solution of sulphate of copper, the copper 
was deposited in a pure state on the surface of the bladder ; hence, I conceive, 
that the sulphate of copper must have acted as an electric pole, and been 
electro-negative with respect to the zinc from which it was separated by the 
bladder. The fluids withiny and without the bladder, were observed, in the 
course of some weeks, to stand at very different levels, the former being five or 
si^ inches above the latter, although the bladder was open at the top. 
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QUESTIONS RELATIVfi TO MINERAL VEINS, SUBMIITED 

TO PRACTICAL MINERS. 



1. Name of ilie miney'as well as of the parish or district m which 
it is situated. 

2. Number o? metallic feins or lodeil, and the description of ore 
which each contains. 

3. Average nze^ direction hy compass,* and wncfeWie of each lode, 
and whether very variable or not in these respects ; and do tlie 
lodes generally increase or diminish in size in descending into the 
earth ? 

4. Nature of the rocks or country traversed by each lode, whe- 
ther ffranitey kiUas, elvan, Ac, or all a£ them ; and the bearings of 
the different rocks with respect to each other. 

5. If any elvan courses, (porphyritic dykes;) their appearance, 
hardness, sizes, directions, and underlie. 

6. In which of the rocks have the respective lodes been found 
most productive of ore, and has there been any difference in this 
respect, between those of copper and tin, or of any other metal ? 

7. If copper lodes ; do they consist of ''yelhw*^ or ^^grey^^ ore, or 
of any other variety, and how are the varieties of the ore situated 
with respect to each other in the lodes ? 

8. If copper and tin occur in the same lodes, are those metals 
in different parts of them, cft if near together, are they at, or near 
the opposite walls of the lodes, or are they intimately mixed ? 

9. If near the opposite walls of underlying lodes, which of these 

* The bearings by the compass was mentioned merely to insure uniformity in 
thtf returns, as the proper allowance could afterwards be made for the amount of 
he variation from the true north. 
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metals is the nearer io the upper or hanging walls, and which to 
the lower or foot walls ; — are these ores separated from each other 
by ^'spar^^ (quartz,) or other substances ; and do the hanging and 
foot walls differ much in hardness ? 

10. If other metals exist in the lodes, under what circumstances 
do they occiir ; and what minerals have a tendency to crystallize, 
and how are the crystallized masses situated with respect to the 
contiguous ores ? 

1 1 . Was there ^' gossan*^ or other substance observed resting up- 
on, or above the copper ore in the lodes, or if strictiy tin lodes, were 
they found to be without gossan ? 

12. Are the walls or ^^cope/s*' of the tin lodes harder than those 
of the copper lodes, and if in the case of a copper lode, one wall is 
harder than the other, is it the nearer one to the copper ore, or that 
which is the further from it ? 

13. Are the lodes, generally speaking, more productive of ore 
on the side of the hanging, or of the foot walls ? 

14. Is the rock or country immediately contiguous to the walls 
of any of the lodes, usually sofler or harder than at a distance from 
them : is there any difference in this respect between tin lodes, and 
lodes of copper, &c. ; and is the hardness and softness of the lodes, 
in any direct ratio, or inverse ratio, to the hardness or softness of the 
rock or country contiguous to the walls. 

] 5. Are not the lodes often contracted into small veins or bran*- 
ches, and have any of these been found to open again into large 
lodes containing ore ? In such cases, do not the opposite small veins 
or branches sonietimes overlap each other, or become ''splicedj^^ as 
I believe it is termed ? 

16. Do the lodes materially vary in size in traversing different 
rocks, and in which rocks are they the largest ? Moreover, in 
passing from one rock into another, from killas, to elvan or granite, 
for instance, do they suffer any interruption, or break in their course, 
and if so, how much, and in what direction ? 

17. Are there any marks in the walls of a given lode, showing 
that one of its walls is at a lower level than the other, and, if so, to 
what extent ; and is it not usually the hanging wall which is so 
circumstanced ? 
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18. Are all^ or any of the Walls^ smooth and well defined, or ftre 
they iinperceptiUe, or indistinctly marked ? In either case, are the- 

^ lodes more or less hard than the ground in which they occur ? 

19. Are the hanging or foot walls most indistinct, and which of 
them are the hardest ? 

%0, When the tin lodes n^eet other lodes, are they intersected 
by them, and if the intersections take place in their underlie, 9f9 
they thrown up by them, and how much ? 

The same question may be asked, as it respects other lodes. 
^1. Are there smaller veins harnng di$tinoi ujaUi 6f dhjuions in- 
cluded between the walls of the lodes, that is, are the lodes ^^6(m.hy^* 
near the surface, or at a greater depth ; and are such small included 
veins parallel, or oblique, as it respects the walb of the lodes, and 
of what do the former consist ? 

^% Are there any veins of elay, or veins, or poitrons of the con- 
k . taining rock, or country y in the lodes ; and are they respectively 

^ near the hanging or the foot wailk ? 

f 23r Have any masses of rock been found in the lodes, termed 

^^^ct" by the miners; and cyd they appear to be completely 
I separated by the branches of any given lode from contect with the 

^ . outer walls or country ? 

k. i4. What circumstances or appearances in the lodes are consf- 

l dieted the most AfVourable indications of any given ore, and what 

the least so ? 

25. Is not an increase in the underlie of lodes Usually less favour- 
fkl^ foi* ot*e than when they become more vertical, and are they 
not generafiy more c<mtracted in size, and more filled with me- 
chanical deposits when their underlie is considerably increased ? 
2(J. If any of the lodes have crossed or intersected other lodes, 
r ^ has it occurred horizontally, or in their undeHie, and at what ah- 

gles ; and have they been found mor* productive of ore, at the 
1 f nierdeclions, or less so ? 

27. At what depth below the surface have the different lodieis 
been found meet productive ofStheir r espectlve" ores ;-^and have 
many cavities or ^^tfO^ki^ bi^fi observed in th^im, and at what 
depths ? 

H 
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28. Have the arseniatej; of copper, iron, or lead, or much fluor 
spar, occurred in any of the lodes ; and how were such substances 
situated in relation to the ores ? 

^. Is the ^^ i^par," or quartz immediately contiguous to copper 
ore, oflen more porous or friable, (locally termed ^'hoTiey^comb^^^ or 
^'sugar spaxy^) than that which accompanies tin ore, and even more 
so, than the spar which is at a distance from the copper ore in the 
same lode ? 

30. Are there any cross courses or flucans intersecting any of the 
lodes, and what are the directions by compass^ underlie, and aver- 
age sizes of the former ; and are they larger or smaller at the 
upper, than at the lower levels ? 

31. Are the cross courses ^^com^y," or subdivided into smaller 
veins of clay and quartz, or other earthy matter ? 

3^. How far do the cross courses partake of the nature of the 
country through which they pass ? 

33. Do they dislocate or heave the lodes and elvan courses, and 
how much each of them ; stating the underlie of the two last, at, 
or near the places of intersection ; and are the heaves greater or 
less at the upper, than at the lower levels ? 

34. Are there any branches, small veins, or ^^ leaders^* of ore ia 
any of the cross courses between the dislocated extremities of the 
lodes, or only detached stones of ore ; and are the ores in the cross 
courses the same, or different in their nature or appearance from 
those in the lodes ? 

35. Are the lodes more productive of ore near the cross courses, 
and on both sides, or only on one side of a given cross course, and 
on which side ? 

36. Are there any branch veins €f£ ore nearly at right angles to 
the bearings of the lodes ;— of what ores do such rectangular veins 
consist ; — how far have they been seen to extend ; — ^what is their 
underlie; — and are they near the hanging walls of any crqss 
courses? 

37. Are there any beds or ^'Jloors^^ of tin, copper, or other 
metal, and under what circumstances do they occur ? 
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38.*IIaye the floors, walls like lodes, or are they interposed 
between the beds or laminae of the rocks ? 

39. Are they connected with other veins, or quite distinct from 
them : in what rocks or country are they most prevalent ; — -and 
have any of the ores been observed to occur disseminated, or diffu- 
sed in the rocks, not as veins, but at a distance from lodes or bed» 
of ore? 

40. What are the directions of the joints, heads, or natural divi* 
sions of the granite, killas, elvan, or other rocks, and do such joints 
agree, or not, with the general directions of the lodes and cross 
courses ? 



Captain William Bolilho, of Trevenen tin mine, in Wendron 
parish, has forwarded through the medium of a friend, the follow- 
ing answers to my questions, but they were not received in time to 
be noticed in the proper place ; however, I now give them complete. 

1 . North IVevenen, in the parish of Wendron. 

2. Four lodes ; — ^all of tin. 

3. Average size, 11 inches; directioil, due east and west, (by 
compass ;) — the four lodes are included within a space of 40 fathoms ; 
-—the underlie of the northernmost lode is 9 inches in a fathom ; — 
the next lode is the same ; — the third from the northernmost is 2 
feet ;— the southernmost underlies one foot in a fathom ; — underlie 
pretty regular so far. — As far as can be discovered at present, the 
lodes are enlarging as they descend. 

4. The lodes are all in granite. 

5. There is an elvan course ; — ^greyish, softj two feet wide ; — 
parallel with the lodes ; — no underlie. 

1 1 . Gossan has been found on the backs of tin lodes, but very 
rarely. 

14. The rock immediately contiguous to the walls of the tin 
lodes in this mine is sofler than the ground at a greater distance ; 
•i^as the hardness of the ground increases, so docs that of the l^es, 
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and M the country in th« neighbourhood of the lodes becomes 
softer, so do the lodes also. 

15. The entire of this question may be answered in the afiirma- 

tire. 

• 18. In this mine the walls are generally smooth and well-defined, 
but bccasionally a lode is seen to project into one of the walls, — 
generally the northern or hanging one, and thus it <lccasions a de- 
gree of roughness in it ; and the lode is usually softer than the 
country which it traverses. 

19. In this mine the hanging walls are not more distinct than 
the foot walls, but harder. 

21. Small veins are often included within the general walls of the 
lodes, but no lesser walls are found accompanying them ; — and 
such veins hold a course parallel with the walls of the lodes. 

22. No veins of clay or country are observed in this mine within 
the walls of the lodes. 

23. The engine lode has split, and received within its two divisions 
a mass of granite which is entirely surrounded by the branches of 
the lode, so as to be in no way connected with the country. 

24. With respect to tin in a granite country, one of the most 
favourable indications is a softness of the lode, another is the bran« 
chy or comby state of the hanging wall, admitting, in that state, 
droppers into the lode. 

25. An increased underlie is nowise unfavourable for tin in this 
mine, — for when the underlie becomes rapid, there is generally an 
increased number of '' droppets^''^ which usually come in from the 
north sides of the lodes ; — the size does not diminish in consequencq^ 
nor is there any greater deposits. 

28. Iron and spar have been found mixed with the lodes, and 
sometimes the spar has been in the greatest j^uantity near the 
hanging walls. 

30. The cross course runs north and south ; — no underlie ; — size 
4 inches ; — the cross course is accompanied by a softness of the 
surrounding country ; — it is larger at the 30 fadiom level, than it 
was at the 12. 

31. The cross course is comby. 
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32. Here the cross course is more yellow, and approaches more 
to the character of clay than the surrounding country, being much 
softer and finer. 

33. The engine lode in this mine was dislocated by the cross 
course about a foot : — in the case of the northern lode, the tin 
lode heaved the cross course a fathom : — ^the underlie has not been 
altered by the intersection of the ^^ross course. With regard to 
depth, it does not seem to affect the distance of the heaves. 

35. Lodes are more productive near cross courses; — and in 
this mine, on each side of it ; — but generally, on one side only : — in 
Old Trevenen, the eastern side of the cross course was always 
the richer. 

36. W. B. has never witnessed any such appearances. 

38. Floors of tin have no walls ; — sometimes they are deposited 
between rocks, and at others, under them, or upon them, and some- 
times they have no rocks near them, — and are as rich in soft ground 
as between rocks. — Layers of tin in soft ground are sometimes 
three or four inches thick, and extremely rich. 

39. Quite distinct from all veins,— or connection with veins ^ — 
floors more common in granite, — ^but are found in killas, — and are 
seen to pass from one to the other ; — richest in the granite : — the 
latter half of this question must be answered in the negative. 

40. In this mine the joints run parallel with the lodes. 
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THE MAGNETIC BALANCE, 
By R. W. Fox. 

A front view of this instrument is given at plate VI., Fig, 22. The 
beam is shown at a 6, having an axis passing through its centre of 
gravity, which is terminated by fine pivots working in jewelled holes. 
This beam is itself a magnet, and its position is governed and adjust- 
ed by the repulsive action of two other magnets in the lower part of 
the instrument, situated as shown by the dotted lines at t; and d ; they 
turn with the axis a and dy and may be adjusted to any angle by 
the graduated circles. The scale pans e and/, are formed of slight 
silver foil, and suspended from the beam by single fibres of unspun 
silk; they are, together with the beam, separated from the other ^ 

parts of the instrument, by slight partitions, to avoid the effect of 
currents of air ; and the weights and materials are put in at the sides, 
where there are sliding glass doors, which are not shown in the figure. 
The mode of reading the indications of the instrument, by means 
of the double scale, is exactly similar to that used in Mr. Fox's 
Dipping Needle Deflector ; in fact, the present is a new application 
of the pinciples of that instrument, and the experiments tried with 
it, prove it to be equally successful. The advantages it possesses 
over the ordinary balance, are extreme sensibility, (it being capable 
of indicating much less than the ten thousandth part of a grain ;) — 
the facility with which its indications are obtained ; — and the com- 
paratively low price at which it can be rendered. 

To adjust the instrument for use, it must be carefully levelled by 
the screws, two of which are shown at g and h. The beam is then 
brought to the Zero points by turning the magnets, and when ascer- 
tained to be correct, it may be kept in this position by partly drawing 
up the arms j} ^, by the screw r, to prevent too much vibration while 
tlie weights and materials jjre being introduced. This done, tlie 
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sliding ^oors closed, and the screw r carefully released ; the beam im- 
mediately takes its position, which is rendered exceedingly accu rate 
by gentle friction applied at the point of a brass pin at the back, 
showing the difference of the materials and weights, by the small 
space passed over by the points of the needle ; and as its value 
should be previously determined by experiment, the weight would 
be known ; or if preferred, weights may be added till the beam 
becomes perfectly horizontal. It is eviileat that this balance will 
afford great facilities for taking the specific gravity of minute 
bodies with extreme accuracy ; and for jthis purpose the scale pan, 
A,^^. ^3, suspended by a fine wire, may be substituted, and a glass 
of distilled water placed in the drawer to receive it. 

This instrument is manufactured by T. B. Jordan, of Falmouth. 



Note. — A Figure of the Magnetic Balance having been given in the Poly- 
technic Report in one of the plates which contains a representation of some of the 
piineral veins, &c., it has been considered best to add a description of the instru* 
ment to this paper. 



1 



JfUTBJV. 



iif.1. 





i 




Ttn Df. 




I 



W -'9- W -. 



Xffr^an^ (SUtma 



MM • • 



i: 



1 



it 



MtATX. V. 



J9f.;. 



n 
I 



m 



Ctf 





Ftp. 8, 




JFiyJS. 








/ 



It^./S. 




Mf./6. 











• I* 



Jtkoof. 



I 



t-* 



• t. 






